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Importance of digital asset
information. The project's dual
deliverables: physical and digital

Digital information about physical infrastructure, such as air-
ports, roads, railways and stations can be used by long-term
owners and operators to improve operational performance
and sustainability. Thus owners are beginning fo procure both
physical infrastructure and the related digital asset information.
They see their investment in infrastructure projects as adding
value through this dual output, with both a physical and digital
deliverable.

This requires changes in the supply-side, as it becomes an in-
formation-intensive, and seeks to collate reliable digital asset
information during the project; to handover this information to
owners and operators and fo work with them as they takeover
responsibilities for management of this information. Such han-
dover is vital to achieving the ambitions of the UK government
BIM agenda.

Information integration and hand-over

Where infrastructure programmes have an organization that
operates as the delivery client, this handover can have two
parts, with: first, a handover of as-built information from project
or sub-project supply-chains; and its approval, collation and
infegration at the programme-wide level; and second, a
handover of as-built information collated at the program-
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me level to the long-term owner and operator.
Effective handover of digital asset information
1. Systems integration

Challenges of the first handover of as-built information from
project supply-chain to the programme-wide level are:

e Obtaining high quality information from the supply-chain
towards the end of construction;

e Collating and checking information before teams dis-
band; and

e Controlling changes to requirements and information.

These challenges can be addressed through progressive o A I s A"
build-up of information through the life of the project, with ; ; 3 A
a structured set of meetings; deliverables; and responsibili-
ty matrices understood through a 'time minus' process to
manage timely delivery of digital asset information.

Training is needed to ensure the supply chain understands
information requirements; and can implement meta-data
and content checks for document compliance. This process
should start early in the project. Assumptions regarding the
time taken to check and approve information from the
supply chain need to be tested. In the systems integration
phase, a change control process is needed to control
changes to requirements and digital asset information.
Completeness of documentation should be monitored with
different resource scenarios to avoid resource escalation as
key people and organizations leave in the project close-out
phase.

Solheimajokull, Iceland
2. Handover to the owner operator

Challenges of the second handover of as-built information

from the project or programme to the owners and operators
are:

e Extraction of data to owner-operator systems;

e Establishing practices for managing change and main-
taining the "single source of truth";

e Understanding (evolving/shifting) requirements for op-
eration; and

e Timing of data handover

Courmayeur, Italy
The takeover of information by the owners and operators is
different from the handover of information from the supply
chain. There is a need for the supply-side to work with and
help owner-operator teams in upskilling to takeover digital
asset information; and in the extraction of data to owner-
operator systems, which should be piloted and checked be-
fore batches of information are transferred.

The operator needs information to be delivered alongside
physical assets. The operator needs understanding of the
project as an investment, with a business plan beyond in-
frastructure delivery and interests in operational readiness;
commercial launch; change control; and planning for next
generation support for digital asset information.

For further information please contact the author: Jennifer
Whyte (j.whyte@imperial.ac.uk).

Antrium, Northern Ireland Giants Causeway - Basalt
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Soil-structure interaction in levees with cutoff
walls founded on liquefiable soils Interactions

Sol - Structure dans les Digues avec des Parois
d’étanchéité Fondées sur des Sols Liquéfiables

A.]). Lobbestael and A. Athanasopoulos-Zekkos

ABSTRACT Many levee systems include embedded cutoff
walls in order to protect against failures associated with
excessive under- and through-seepage. Recent studies have
indicated that a large number of existing levees are vulner-
able to seismic activity, with one of the primary sources of
this vulnerability being the potential liquefaction of the le-
vee foundation soils. The interaction between a levee cutoff
wall and liquefiable soils however, is not well understood.
The numerical analyses presented in this paper provide in-
sight into how a cutoff wall interacts with surrounding lique-
fiable soils, how it affects the triggering of liquefaction, and
how it affects the overall dynamic response of the levee
system. Fully nonlinear numerical analyses are conducted
using the finite difference software FLAC. The UBCSAND
model was used to capture excess pore pressure generation
and subsequent liquefaction. A levee founded on liquefiable
soils is modeled with a) no cutoff wall and b) a steel sheet
pile cutoff wall and is subject to a recorded ground motion.
The effects of the presence of the cutoff wall on the trigger-
ing and progression of liquefaction, as well as levee dis-
placements and response are presented.

1 INTRODUCTION

In recent years, levee systems throughout the United States
have undergone extensive investigation, revealine that
seismic activity and liquefaction potential pose serious risks
to many existing levees. This highlights the importance of
having guidelines and recommendations for the seismic
design and evaluation of levees. Significant energy has
been devoted to this

need and several documents and publications have recently
been produced that present such guidelines (e.g. ILH 2013;
Shewbridge et al 2009; USACE 2013). However, these
guidelines do not address cutoff walls, which are included in
many levees to protect against excessive under- and
through-seepage. This paper presents a set of numerical
analyses of levees founded on liquefiable soils, in order to
investigate the effects that a cutoff wall has on the dynamic
response of a levee.

2 NUMERICAL MODEL VALIDATION AND INPUT

In order to investigate the effect of cutoff wall presence on
the dynamic response of an earthen levee founded on lique-
fiable soils, fully nonlinear numerical analyses were con-
ducted using the finite difference numerical modeling soft-
ware FLAC - Fast Lagrangian Analysis of Continua (Itasca
2011). A set of validation tests, described in the following
section, were first performed to verify that the constitutive
model was accurately calibrated to capture soil liquefaction.
This is followed by a description of the numerical input and
analysis used to investigate the dynamic response of the
levee system.

2.1 Numerical Model Validation

In the analyses, potentially liquefiable soils were modeled
using the UBCSAND constitutive model (Byrne et al 2004;
Beaty and Byrne 1998), which is an advanced effective
stress plasticity model with the ability to capture excess
pore pressure generation during shaking. In order to verify
that the UBCSAND model was properly calibrated and cap-
turing soil liquefaction and pore pressure generation during
shaking, a set of validation analyses were conducted and
compared to a simplified liquefaction triggering assessment
procedure. A level ground profile was modeled in FLAC with
12 meters of medium dense sand with silt, underlain by 3
meters of loose sand, underlain by 18 meters of dense
sand. The embedded layer of loose sand was modeled with
the UBCSAND constitutive model.

Two input ground motions were selected from the PEER
NGA ground motion database (PEER 2011), such that, when
used as input for the simple ground profile, one should re-
sult in liquefaction and one should not. Using the SPT-based
liquefaction triggering correlation proposed by Seed et al
(1984), one ground motion was selected with characteristics
resulting in greater than 95% probability of liquefaction and
one ground motion was selected with characteristics result-
ing in less than 5% probability of liquefaction. The selected
motions were Cape Mendocino (NGA0829) and Hector Mine
(NGA1795), respectively.

To identify which zones experienced liquefaction during the
simulation, excess pore pressure ratios, were computed
according to the following equation:

U— Uy

where u is the instantaneous pore pressure, uo is the initial
pore pressure, and g’y is the initial vertical effective stress.
Based on recommendations of the developers of the UBC-
SAND constitutive model, zones with excess pore pressure
ratios in excess of 0.7 were considered to be liquefied. Ac-
cording to this criteria, the analysis with the Cape Mendoci-
no input motion resulted in complete liquefaction of the
loose sand layer and the analysis with the Hector Mine input
motion resulted in no liquefaction. These results agree with
the simplified liquefaction triggering assessment and pro-
vided confidence that the UBCSAND model was accurately
modeling soil liquefaction.

2.2 Numerical Model Input

A levee profile was then modeled without a cutoff wall and
with a steel sheet pile cutoff wall. The models were subject
to a single recorded earthquake ground motion, selected
from the NGA ground motion database, Big Bear — 01 (NGA
0901). The acceleration time history of the input motion is
presented in Figure 1. The geometry of the levee profile and
foundation stratigraphy that were analyzed were selected to
be representative of typical earthen levees and subsurface
site conditions in California. The dimensions of the levee
were a height of 10.7 meters and a crest width of 9 meters,
with symmetrical 3:1 (H:V) slopes. Investigation data of
sites that were observed to have liquefied during the 1979
Imperial Valley earthquake, documented by Youd and Ben-
nett (1983) was used as a basis for selection of the strati-
graphy and strength parameters of the foundation soils.
Figure 2 presents the geometry of the levee and foundation
soil stratigraphy. For the analysis with a sheet pile cutoff
wall, the wall was placed at the center of the levee and ex-
tended into the foundation soil, to a depth of 19.8 meters
below the levee crest. The water conditions were modeled
at 4.6 meters of water outside of the water side slope and
level with the ground surface on the landside of the levee.
The phreatic surface within the levee was determined by a
numerical seepage analysis.

TA NEA THZ EEEEI'M - Ap. 96 - NOEMBPIOZ 2016



0.5 1
0.4 &
0.3
0.2}
0.1}

Acceleration (g)
o

-0.1
-0.2
-0.3| |
il ‘ PGV: 34.5 cm/sec
’ Arias Intensity: 3.32 m/sec
-0.5 Mean Period: 0.28 sec
0 5 10 15 20

Time (seconds)

Figure 1. Acceleration-time history of input ground motion.
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Figure 2. Levee geometry and foundation soil stratigraphy.

A variety of constitutive models were used throughout the
analyses to capture the various soil and material behaviors.
For calculation of the initial stress state, all soils were mod-
eled with an elastic, perfectly-plastic model with yielding
defined by the Mohr-Coulomb failure criterion. For the dy-
namic portion of the analysis, the potentially liquefiable soils
in the foundation were modeled using the UBCSAND model.
A set of generic input parameter relationships for UBCSAND
version 904aR were used to determine the model parame-
ters, based on relative density index. For the post-lique-
faction portion of the analysis, liquefied soils were modeled
with the Mohr-Coulomb model using parameters reflecting
liguefied residual strengths. The steel sheet pile wall was
modeled using linearelastic beam elements with properties
reflecting an intermediate sheet pile, typical of what may be
used for a levee cutoff wall. The cutoff wall elements were
attached to the surrounding soil with unglued interfaces,
allowing for relative slip and separation. Table 1 presents
the model parameters used in the analyses.

For both analyses, an initial stress state was determined,
followed by the dynamic analysis of the earthquake motion
and a post-liquefaction analysis. The initial stress condition
was calculated by first initializing pore pressures and
stresses for level ground conditions with the ground water
table at the ground surface. The levee was then placed and
the model was stepped to equilibrium with a surcharge out-
side of the slope, reflecting the water on the waterside of
the levee. The phreatic surface and pore pressure distribu-
tion within the levee were then determined with an un-
coupled seepage analysis. After the flow calculation, effec-
tive stresses were adjusted to reflect the new pore pres-
sures and the model was again stepped to equilibrium.

Following calculation of the initial stresses, a fully coupled
fluid-mechanical dynamic analysis was performed to simu-
late an earthquake. Free field boundaries were applied to
the lateral extents of the model and the base was modeled
as an absorbing boundary. The motion was applied as a
stress-time history at the base of the model. This models a

Table 1. Material models and paramters.

Mohr Coulomb Material Model

Soil Layer 1 2 3
Friction Angle (°) 35 33 36
Cohesion (kPa) 4.8 0 0
Elastic Modulus (kPa) 2.74e5  2.39e5  2.74e5
Poisson’s Ratio 0.3 0.3 0.3
Dry Unit Weight (kN/m®) 17.3 17.3 17.3
Soil Layer 4 5 6
Friction Angle (°) 38 39 40
Cohesion (kPa) 0 0 0
Elastic Modulus (kPa) 2.74e5  3.36e5  3.36e5
Poisson’s Ratio 0.3 0.3 0.3
Dry Unit Weight (kN/m®) 17.3 18.1 18.1
Fluid Flow Model Properties
Soil Layer 1 2 3
Porosity 0.29 0.35 0.29
Hydraulic Conductivity (cm/s) 3.1e-3 1.5e-2  9.1e-3
Soil Layer 4 = [
Porosity 0.29 0.28 0.28

Hydraulic Conductivity (cm/s) 9.1e-3 2.3e-3 2.3e-3
UBCSAND Material Model

Soil Layer 2 3 4

n160, relative density index 15 26 31

pa, atmospheric pressure (kPa) 101.3 101.3 101.3

kge, G_max/pa 1069 1284 1362

ne, shear stiffness power 0.5 0.5 0.5

kb, B/m_pa 748.6 899 953.3

me, bulk modulus power 0.5 0.5 0.5

kgp, plastic shear modulus num 822 2705 4026

np, plastic shear stiff. power 0.4 0.4 0.4

rf, hyperbolic fitting coeff. 0.73 0.67 0.66

phicv, c.v. friction angle 33 36 38

phif, max mobilized friction 34.5 40.8 44.3
Sheet Pile Cutoff Wall

Moment of Inertia (m*) 2.16e-4

Area (m?) 1.87e-4

Elastic Modulus (kPa) 2.11e8

Density (kg/m” 7.73e4

vertically propagating shear wave and a compliant base
(Mejia and Dawson 2006). To account for material damping
of the ground motion, a 4-point sigmoidal hysteretic damp-
ing model was applied to the non-UBCSAND constitutive
model zones. (Hysteretic damping is inherent in the UBC-
SAND model.) The properties of the hysteretic damping
model were calibrated to match modulus reduction and
damping curves of sands, presented by Seed and Idriss
(1970).

Following the dynamic portion of the modeling, analysis was
conducted to predict post-liquefaction displacements. At the
end of the ground motion input, Rayleigh damping was in-
creased to 5% and dynamic time was continued, to allow
the velocities within the model to dissipate. Constitutive
model zones that were determined to have liquefied during

ZeAida 5
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the ground motion were changed to an elastic, perfectly-
plastic model with liquefied residual strengths computed
using Stark and Mesri’s strength ratio (1992):

Su(eri
D — 0.0055 * (Ny)go—cs

0 vo

where Syt is liquefied residual strength, o’y is the initial
vertical effective stress and (N;)so-cs is the standard blow
count corrected for overburden pressure and fines content.
Based on empirical results presented by Seed and Harder
(1990), the residual strengths were not assigned lower than
12 kPa. The elastic shear stiffness of the liquefied zones was
assigned a value of 10 times the liquefied residual strength
(after Stark et al 2012). After assigning liquefied strengths,
dynamic time was continued until a stable post-liquefied
equilibrium state was reached.

3 ANALYSIS RESULTS

The results of the numerical analysis for the levee with a
steel sheet pile cutoff wall are compared to the results for
the levee with no cutoff wall to identify what effect the cu-
toff wall has on the dynamic response of the levee. The
effect of the wall presence is presented in terms of liquefac-
tion triggering and resulting displacements

3.1 Liquefaction Development

At the end of the dynamic portion of the analyses, excess
pore pressure ratios were observed to determine the extent
of soil liquefaction in the foundation soils. Figure 3 presents
excess pore pressure ratio contours for both analyses (with
and without a cutoff wall), indicating the extent of soil lique-
faction. As seen in the figure, for the levee with no cutoff
wall, in the free field, all of the liquefiable soils (soils mod-
eled with UBCSAND) experienced liquefaction. Beneath the
levee however, the soils did not liquefy, due to the addi-
tional liquefaction resistance provided by the overburden
pressure of the levee. The uppermost layer of liquefiable
soils (the loosest material) experienced the most liquefac-
tion beneath the levee, extending beneath the levee slopes.

Elevation (m)

——Sheet Pile Wall

60 80 100 120 140 160 180
Horizontal Distance (m)

Figure 3. Liquefaction extents at the end of shaking for
levee with and without a cutoff wall.

Comparison of the liquefaction extents for the cutoff wall
analysis with the no-cutoff wall analysis indicate differences
resulting from the wall presence. The liquefaction extents
with a cutoff wall are largely the same as with no cutoff
wall, but they are seen to extend slightly further beneath
the levee. Also, there is a zone of liquefied material adja-
cent to the cutoff wall, that was not observed for the analy-
sis with no cutoff wall.

In order to further compare the liquefaction development
for the two analyses, Figure 4 presents time histories of the
percentage of liquefiable zones that experienced liquefaction
during the shaking. The difference in percentage of zones
experiencing liquefaction between the two analyses grows
steadily throughout the intense shaking portion of the input
motion, suggesting a persistent difference between the two
cases, as opposed to an isolated characteristic of the
ground motion that results in the difference in liquefaction.
Furthermore, the time histories indicate that the levee with

a cutoff wall has more extensive liquefaction throughout the
duration of the motion.
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Figure 4. Time histories of percentage of zones which ex-
perienced liquefaction.

The difference in liquefaction behavior between the two
cases may be the result of either differences in forces re-
sisting liquefaction or differences in forces driving liquefac-
tion. With regard to liquefaction resistance, the presence of
a cutoff wall forces the potential landside slope failure plane
to the landside of the levee, altering the static stresses
within the levee and foundation. Static horizontal shear
stresses have been shown to alter a soil’s liquefaction resis-
tance (Harder and Boulanger 2007). The wall also alters the
distribution of pore pressures within the levee, and thereby
alters the initial effective stresses. On the waterside of the
cutoff wall, the phreatic surface is higher than for a levee
with no cutoff wall, resulting in lower effective stresses. It is
also possible, that during the earthquake motion, the pres-
ence of the wall limits excess pore pressure dissipation,
furthering liquefaction.

To investigate potential differences in liquefaction driving
forces between the two cases, profiles of a liquefaction driv-
ing force parameter, equivalent cyclic stress ratio, CSReq
were plotted at various locations within the levee and free
field, with CSR.q defined as:

T
CSRyq = 0.65 x ——

r
0 vo

where Tmax is the maximum shear stress and o'y is the ini-
tial vertical effective stress. Maximum values of this ratio
were observed throughout the levee and foundation and
were compared between the two cases. Very little to no
difference in maximum equivalent cyclicstress ratio (less
than 0.05) was observed betweenthe two cases. Based on
these observations, it appearsthat the difference in liquefac-
tion behavior betweenthe levee with a cutoff wall and no
cutoff wall is theresult of differences in liquefaction resis-
tance. Somecombination of the differences in resistance
factors(i.e. static stress state, initial pore pressure distribu-
tion,pore pressure dissipation) results in more liquefaction
for the levee with a cutoff wall, relative to the levee with no
cutoff wall.

3.2 Seismic Displacements

Regarding the dynamic response of levees, the parameter
of primary interest is the resulting displacements, particu-
larly vertical displacements. Figures 5 (a) and (b) present
the vertical displacements and horizontal displacements,
respectively, across the ground surface, at the end of the
ground motion, as well as once a stable post-liquefaction
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state was reached. Comparison of the vertical displace-
ments at the end of shaking between the two analyses
shows that the levee with a cutoff wall experiences approx-
imately 5% greater displacement relative to the levee with
no cutoff wall.
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Figure 5. (a) vertical and (b) horizontal surface displace-
ments at (1) the end of shaking and (2) stable post-
liquefaction state.

Comparison of the post-liquefaction vertical displacements
indicates that the levee with a cutoff wall experiences signif-
icantly greater post-liquefaction movement than the levee
with no cutoff wall. The resulting post liquefaction freeboard
loss is approximtaley 19% greater for the levee with a cu-
toff wall. These differences can be attributed to the more
extensive liquefaction observed for the levee with a cutoff
wall.

Simplified seismic slope displacement procedures typically
estimate Newmark-type, horizontal displacements and sug-
gest a conversion to vertical displacement by means of a
standard ratio of vertical to horizontal displacements of 0.7
(e.g. Shewbridge et al 2009; USACE 2013). The ratio of
vertical to maximum horizontal displacements observed for
the levee with no cutoff wall are between 0.66 and 0.74 on
both sides of the levee at both the end of shaking and the
post-liquefaction state. For the levee with a cutoff wall how-
ever, the ratio ranges between 0.55 and 0.74. This ratio is a
function of the failure geometry, which is altered by the
presence of a cutoff wall. The difference in liquefaction also
contributes to the difference in the value of the ratio. There-
fore a single value for the ratio of vertical to horizontal dis-
placements may not be appropriate.

4 CONCLUSIONS

A set of numerical analyses were conducted to investigate
the effects that a cutoff wall has on liquefaction develop-
ment and the dynamic response of a levee. The analysis
results indicate that the presence of a cutoff wall results in
more extensive liquefaction, than for a levee with no cutoff
wall. This results in larger seismic displacements, which
were observed to be as much as 19% greater for a levee
with a cutoff wall. These observations highlight the impor-
tance of the inclusion of the effect of cutoff walls in guide-
lines for evaluating levees for seismic risk. However, further
study is needed, since this is a limited study, with only one
ground motion input and one levee geometry.
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An overview of research activities and
achievement in Geotechnics from the Scottish
Universities Geotechnics Network (SUGN)

Une vue d'ensemble des activités de recherche et la
réalisation de Géotechnique de la Géotechnique Ré-
seau écossais universités (SUGN)

A.K. Leung, I.X. Anastasopoulos, C. Augarde, D. Bar-
reto, A.]J. Brennan, M.J. Brown, D. Connolly, W. M.
Coombs, T. Davies, Z. Gao, A. Ivanovic, M.J. Kenny,
J.A. Knappett, D. Lombardi, J. McDougall, G.M. Mede-
ro, D. Muir Wood, G. El Mountassir, A.S. Osman, S.
Pytharouli, P. Sentenac, B. Stewart, C. Switzer, A. Ta-
rantino, S.J. Wheeler, P.K. Woodward and M. Zielinski

ABSTRACT Design of geotechnical systems is often chal-
lenging as it requires the understanding of complex soil
behaviour and its influence on field-scale performance of
geo-structures. To advance the scientific knowledge and the
technological development in geotechnical engineering, a
Scottish academic community, named Scottish Universities
Geotechnics Network (SUGN), was established in 2001,
composing of eight higher education institutions. The net-
work gathers geotechnics researchers, including experimen-
talists as well as centrifuge, constitutive, and numerical
modellers, to generate multiple synergies for building larger
collaboration and wider research dissemination in and
beyond Scotland. The paper will highlight the research ex-
cellence and leading work undertaken in SUGN emphasising
some of the contribution to the geotechnical research com-
munity and some of the significant research outcomes.

1 INTRODUCTION

The Scottish Universities Geotechnics Network (SUGN), was
established in 2001. The major vision of the network is to
create synergies in geotechnical research, aiming to build
larger collaboration and wider research dissemination in and
beyond Scotland. SUGN currently has 27 members from
Universities of Aberdeen (UoA), Dundee (UoD), Durham
(DU), Edinburgh (UoE), Glasgow (UoG), Heriot-Watt (HWU),
Napier (NU) and Strathclyde (UoS). The members have di-
versified with cross-disciplinary research portfolios, which
converge to the common goal of tackling sophisticated en-
gineering problems. The paper highlights the research ex-
cellence and leading work currently undertaken in SUGN.

2 FUNDAMENTAL SOIL BEHAVIOUR
2.1 Novel development of experimental techniques

SUGN members have a strong interest in characterising the
fundamental soil behaviour through experimental tech-
niques. Special attention is paid to unsaturated soil, espe-
cially from the groups in UoG and UoS. Improved under-
standing can aid the design of foundations; climatic effects
on embankments; and behaviour of clay barriers for under-
ground disposal of nuclear waste. The UoG group has a
wide range of specialised laboratory facilities for testing
hydromechanical soil behaviour, including multiple sets of
suction-controlled triaxial apparatus. Currently, a number of
member universities (UoD, UoG, UoS and HWU) have a
common interest to study thermo-hydromechanical beha-
viour of soils (Haghighi et al. 2012). An example is a joint
project recently established between UoD and UoG, co-
funded by Energy Technology Partnership and Transport
Scotland. The project investigates the potential use of ener-
gy piles as a heat exchanger to promote the development of
soil suction that would help enhance the stability of soil
slopes.

There is also an increasing focus to study the microstructure
of unsaturated soils when subjected to mechanical and hy-
draulic loadings. Members from HWU and UoS use an Envi-
ronmental Scanning Electron Microscope and Mercury Intru-

sion Porosimetry (El Mountassir et al. 2014) for microstruc-
ture analysis. This approach has broad applicability in ex-
plaining macro-scale behaviour. For example, observed evo-
lution of soil microstructure could be used as a tool to speci-
fy appropriate compaction conditions for earthworks where
fill material is susceptible to volumetric collapse (EI Moun-
tassir et al. 2014). The School at DU houses X-ray com-
puted tomography (XRCT) scanning facilities for visualising
soil microstructural evolution (Fig. 1). This facility has
proved revealing in improving understanding of soil-based
construction materials and finding a link between intrinsic
macro-properties and microstructural features.

—
i1 10mm 10mm 10mm

Figure 1. XRCT scans of cylindrical rammed earth samples
of different diameters (100, 38 and 12 mm) showing micro-
structure at different scales (Smith and Augarde 2014)

Mechanical behaviour of degradable soils is studied by the
members from NU. They have developed an innovative hy-
dro-bio-mechanical model for capturing its behaviour. Vo-
lumetric change and shearing resistance in granular mix-
tures at a range of particle sizes have been investigated in
small-scale mixtures. Particle loss leads to an increase in
void ratio with associated changes in behaviour - from dila-
tive in the intact state to more contractive following particle
loss (Fig. 2; McDougall et al. 2013). Associated grading
changes have been interpreted using concepts of grading
entropy, by which means frequency distributions can be
depicted as data points thereby providing a useful means of
tracking grading changes. This work has recently found
added relevance in the analysis of landfill, reclaimed and
treated soils that retain a proportion of organic content.
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Figure 2. Stress-ratio and volumetric strain (dashed) res-
ponses for sand-salt and post-dissolution tests, 1.0 mm
salt, 15% by weight

Testing the evolution of fabric anisotropy during straining
and the effect of this on mechanical behaviour is one of the
major focuses of the members from UoG. This can be of
considerable practical importance for construction of em-
bankments on soft clays or problems of sand liquefaction.
The research has led to the development of constitutive
models incorporating anisotropy evolution for both soft
clays and sands (Gao et al. 2014).
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2.2 Constitutive and numerical modelling

The UoG team has made important contributions in the de-
velopment of improved constitutive models for unsaturated
soils, perhaps most significantly a coupled mechanical and
water retention model (Wheeler et. al. 2003). This model is
based upon improved understanding of the physical
processes occurring at the inter-particle and inter-aggregate
level, with the result that it is able to better predict both
mechanical and retention behaviour, and their complex
coupling, for the full range of possible stress paths. Lloret-
Cabot et al. (2014) showed that the model predicts well the
variations of both void ratio and degree of saturation of a
soil that involved large magnitudes of compression during
successive stages of drying, isotropic loading and wetting.

Other SUGN members have also developed several novel
computational techniques. The group in DU implemented
various efficient and accurate methods for nonlinear conti-
nuum modelling and fracture, including finite element (FE)
and meshless techniques. The team has also worked on
Material Point Method (MPM), an exciting mix of meshless
and FE methods which can capture very large deformation
events as often found in geomechanics. This new method is
currently being applied in a collaborative project with UoD
on offshore soil ploughing. Another contribution made by
the DU team is the development of an improved approach
to study the cone penetration test and evaluate the effect of
strain softening on the penetrating resistance (Osman and
Randolph 2014). In this approach, the strain components
are treated as field variables. The global solution is obtained
using the streamline upwind Petrov-Galerkin method, to-
gether with an Eulerian-based FE formulation.

An advanced technique, Discrete Element Method (DEM), is
used by the group in NU to study the failure of granular
materials under three-dimensional stress conditions, while
considering the influence of the intermediate stress ratio
(Barreto and O’Sullivan 2012). DEM has aided the quantifi-
cation of fabric and void anisotropy to identify the particle
scale interactions. DEM is being used to explore the signific-
ance of real particle characteristics and particle-size distri-
bution on the simulation of cemented soils, such as shales.
This method has also been used to study the behaviour of
dissolving soils and responses of piles under dynamic loads.

3 FIELD MONITORING TECHNIQUES

The research teams in DU and UoS have a common interest
in developing local sensors for the purpose of long-term
monitoring of suction (e.g. high capacity tensiometers) and
water content in the laboratory and field. In addition, mem-
bers from UoS focus on the implementation of non-invasive
methods that enable enhanced understanding of the sub-
surface. A microseismicity technique has been developed for
detecting the location and orientation of rock fracture
planes at depth. The validity of Electrical Resistivity Tomo-
graphy (ERT; Fig. 3) for accurate detection of desiccation
cracks in flood embankments was demonstrated in a series
of miniature and field-scale studies (Jones et al. 2014).

4 ENGINEERING APPLICATIONS

In addition to fundamental research, SUGN members have
also had a diversified research portfolio to evaluate the en-
gineering performance, and hence improve the design, of
various types of critical geotechnical infrastructure. Within
the network, a number of successful collaborative projects
have been established.

4.1 Offshore engineering
4.1.1 Cable ploughing and installation processes
The members, DU and UoD, have recently awarded a joint

research project looking at the use of MPM to model seabed
ploughing for infrastructure installation. Soil ploughing, an

activity carried out by man for thousands of years for agri-
culture, is now used at a much larger scale on the seabed to
connect offshore energy generation devices to the supply
network (Lauder et al 2013). However, there is a lack of
understanding of the mechanical and hydraulic processes
associated with soil ploughing. In this project, MPM will be
applied to simulate seabed ploughing to provide better es-
timates of key parameters such as tow force and ploughing
speed in a given seabed deposit along with insights into
plough stability. Given the likely ploughing activity in the
next 20-50 years in UK waters, this new predictive ap-
proach could result in major savings for the industry.

Figure 3. ERT monitoring along the crest of a flood em-
bankment

Another active collaborative project being carried out by the
members of UoD and UoA is the study of the critical specific
gravity (SG) for cables and umbilicals during various back-
filling and installation processes. Seabed conditions, wave
action and tidal effects, coupled with ship movement/an-
choring and fishing activity may cause a threat to subma-
rine product (i.e., cables/umbilicals). One solution to reduce
the risk is to bury products below the seabed through
ploughing and backfill. For a cost-effective design, reducing
the SG of products has obvious cost savings, but the draw-
back is that buoyancy effects may result in product move-
ment or de-burial. The project aim is to develop a greater
understanding of the controls on the product behaviour dur-
ing burial. The outcome will be to develop guidance on the
most appropriate burial techniques. This will be further ex-
tended to look at min. burial depths and the effects of co-
burial using the 1-g soil bed tank available at UoD.

4.1.2 Ground anchor systems and trawling

Dynamic behaviour of ground anchorage systems is studied
by UoA, through numerical modelling along with comple-
mentary laboratory tests of anchorages installed in rock and
soil (Palop et al. 2013). The interface between the bearing
plate of an anchor and the concrete surface has been shown
to be the main element in determining the pre-stress load
of the anchorage. Testing of the interface between the grout
and the steel bar has also been undertaken using experi-
mental tests and contact mechanics. The findings have been
used to develop a non-destructive testing method GRANIT
which is currently used commercially.

Another interesting topic that the member from UoA is in-
vestigating is the impact of trawling on the benthos ecosys-
tem (seabed). Towed demersal fishing gear is used globally
by the fishing industry to catch species that live on or close
to the seabed. To understand these processes and to be
able to assess their wider implications on the benthic eco-
system, it is essential to understand the physical interaction
of the individual gear components with the seabed. The
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impact of a cylindrical clump weight and an otter trawl door
on a cohesive soil was developed by Ivanovic et al. (2011),
who validated their approach by comparing the results from
experimental sea trials with model predictions. Both studies
use the FE Abaqus software package where Arbitrary La-
grangian-Eulerian mixed formulation was used. This study
has been extended to investigate how the dimensions, the
weight, the cross sectional geometry and the soil material
properties affect the drag force and the penetration into the
seabed of cylindrical clumps. The study of ground gear ele-
ments using Combined Eulerian and Lagrangian methods
has been undertaken and the results between the laborato-
ry and numerical studies are very encouraging to be poten-
tially used in further studies (Esmaeili and Ivanovic 2014).

4.1.3 Foundation engineering

The teams of UoD and UoA have a joint project investigat-
ing enhanced gravity foundations on rock for marine energy
generators. This project focuses on an alternative design of
the foundation as a gravity base where resistance is pro-
vided by its self-weight and the interface friction between
seabed and the foundation. Very little work has been done
to assess the interface friction between steel foundations
and rock. The project aims to develop a greater under-
standing of the material controls on the foundation interface
behaviour. The outcome will be to develop a database of
rock/ foundation interface properties and improved design
procedures that will lead to less conservative design and
improved financial viability of marine energy generators
(See paper by Ziogos et al in the proceedings).

Members from NU, focus on another type of foundation.
They study the dynamic behaviour of pile-supported struc-
tures under different types of cyclic loading such as earth-
quakes, wind and wave loading. It is recognised that the
foundation behaviour depends on complex soil-structure
interaction and nonlinear soil response. In addition, in the
presence of saturated loose to medium dense sandy soils,
excess pore pressure generated by loading cycles may in-
duce significant soil softening which, in extreme cases, may
lead to liquefaction phenomena. Current research in NU is
investigating the effects of wave-induced liquefaction on the
behaviour of offshore wind turbines supported on different
types of foundations (monopile, suction caisson, jacket
foundations), by means of a combination of small-scale
physical modelling and full-scale nhumerical modelling (Lom-
bardi et al. 2013).

4.2 Earthquake geotechnics

Within SUGN, UoD is the only member university that pos-
sesses a geotechnical centrifuge facility (3.5 m radius, 150
g-ton capacity) mounted with the stateof-the-art earth-
quake simulator. This facility is unique in Scotland and is
only one of three in Europe. Compared with 1-g physical
model tests, centrifuge tests at elevated gravitational acce-
leration levels correctly model the stress levels of a much
larger prototype. By using this facility, the group has made
significant and important contributions in earthquake engi-
neering. One example is a recent study of the engineering
performance of rocking-isolation inelastic reinforced con-
crete (RC) bridge piers (Loli et al. 2014). In this study, a
novel scale model RC (1:50 scale; Knappett et al. 2011)
that simulates reasonably well the elastic response and the
failure of prototype RC members is utilised to model a
bridge pier (Fig. 4). A variety of seismic ground motions are
considered as excitations. They result in consistent demon-
strably beneficial performance of the rocking-isolated pier.
Foundation uplifting has a self-centering potential, whereas
soil yielding is shown to provide an effective energy dissipa-
tion mechanism, exhibiting significant resistance to cumula-
tive damage. Thanks to such mechanisms, the rocking pier
survived, with no signs of structural distress, a deleterious
sequence of seismic motions that caused collapse of a con-
ventionally designed pier.
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Figure 4. Photos of bridge models (a) the conventional pier

having failed after shaking and (b) closer view of its column

base and foundation; (c) the rocking pier after shaking plus

two additional strong motions and (d) its foundation (Loli et
al. 2014).

Members from UoD currently have a wide spectrum of re-
search utilising this facility. This includes the seismic per-
formance of other soil-structure systems such as piled
foundations, retaining systems, and underground structures
and also development of novel foundations and offshore
anchoring solutions.

4.3 Railway engineering

Members from HWU are dedicated to research in railway
engineering. Railway track settlement has considerable cost
and time implications to the rail industry through mainten-
ance operations, track reconstruction and line speed restric-
tions. Settlement occurs in both the soil and substructure,
and it is important that it is monitored before differential
track settlements give rise to faults (Woodward et al.
2014). Therefore, to model the railway track settlement
process, HWU has developed the unique Geo-pavement and
Railways Accelerated Fatigue Testing facility (GRAFT; Fig. 5)
that enables accelerated, full-scale testing of existing and
new railway products under realistic railway conditions. It is
the largest of its kind in the UK and has a hydraulic capacity
of 200 tonnes. Thus it enables the performance of new set-
tlement solutions and new track-forms to be quantified and
compared with confidence. In parallel, the team at HWU has
been working on modelling to fully understand the train-
induced vibration at different conditions of interest (El Ka-
cimi et al. 2013).

Figure 5. GRAFT facility at HWU
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5 CROSS-DISCIPLINARY TOPICS

Various types of cross-disciplinary research are developed
within SUGN. This includes the teams of UoS and DU, who
focus on contaminant fate in unsaturated soil and remedia-
tion. The UoS team has a particular interest in studying the
potential use of microbial processes to alter the behaviour
of porous media and fractured rock. The team has investi-
gated microbially induced calcite precipitation for sealing
rock fractures. This represents a means of controlling the
gel time of low viscosity grout for injection into fractured
rock (MacLachlan et al. 2013), which is a new avenue of
research in geotechnical engineering.

Members from UoD have a strong interest in developing the
use of plant roots as a green stabilisation technique for en-
hancing the sustainability and resilience of earthwork infra-
structure against environmental loadings including rainfall
and earthquake. They are currently quantifying the me-
chanical root reinforcement (both in failure strength and
pre-failure deformation), and strength enhancement due to
transpiration-induced suction (Ng et al. 2014).

6 FINAL REMARKS

This paper presents a wide range of interesting and chal-
lenging research topics within SUGN. This covers the cha-
racterisation and modelling of soil behaviour and multiple
engineering applications. Mutual synergies created by SUGN
have made significant contributions to the geotechnical re-
search community and industry, providing useful insights
into better understanding of complex soil behaviour and
improved design of geotechnical systems. However, there
are still many scientific questions yet to be answered. Some
of them are cross-disciplinary, which would potentially
break out of old subject straitjackets, forming new research
links that may themselves lead to other unusual future re-
search themes.
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The construction of a 12m high embankment
over weak soils in St Petersburg, Russia, utiliz-
ing the use of a cellular foundation mattress
system

La construction d'un haut remblai de 12m sur des sols
faibles a Saint-Pétersbourg, en Russie, en utilisant
I'utilisation d'un systéme de matelas de base cellu-

laire

Anna Kuznetsova and Chaido Doulala-Rigby

ABSTRACT A major new highway, Saint-Petersburg Ring
Road, was planned to be constructed in St Petersburg, Rus-
sia. The project was awarded to the successful Contractor
who, based on the available contract documents, priced for
a simple 12m embankment construction over competent
foundation soils. Soon after the Contractor moved on site, it
was realized that the foundation soils were far from compe-
tent. Additional investigation revealed deep layers of weak
clayey soils, exhibiting bearing capacities far less than the
required ones to support the proposed embankment. The
Contractor had to adopt a cost effective and fast to con-
struct foundation strengthening solution in order to meet
the stringent project budget and the tight construction
deadline, worsened by the unprecedented required addi-
tional major foundation improvement works. The streng-
thening solutions considered included a piled foundation to
support the embankment, lightweight fill on top of the ex-
isting poor foundations, a piled flyover instead of a soil em-
bankment and basal reinforcement with a high strength
geotextile. All options were rejected due to their high cost
and/or difficulty in construction due to the extreme poor
nature of the foundation soils. The final adopted solution
was a robust, flexurally stiff cellular foundation mattress,
called Tensar Stratum TM comprising 1m high vertically
placed uniaxial geogrids forming cells filled with granular
fill, forming not only a stable temporary works platform for
construction plant to gain access over such weak subgrades
but finally providing a sound foundation layer to support the
proposed 12m high soil embankments on top in the long
term.

1 SAINT-PETERSBURG RING ROAD (KAD)

The need of a Ring Road around Leningrad (former name of
St. Petersburg during Soviet Union period) was observed in
1965 but the lack of financing caused a delay up to 1998.
The last section of the project, which forms a causeway
across the Gulf of Finland, opened in 2011. Today this road
is connecting all main transport corridors from the Northern
-West Region to Helsinki, Moscow, Kiev and Tallinn.

The total length of the road is 142 km and it includes 1 tun-
nel and 105 bridges and viaducts.

As St. Petersburg is located in a treeless Neva lowland laid
with lacustrine-glacial deposits, local soils often have a high
water level, inclusions of peat or silt and low bearing capaci-
ty. Lots of various soil improvement techniques were used
during KAD construction. A geogrid cellular foundation mat-
tress - was recognized as one of the most effective me-
thods.

2 LOT N4 CONSTRUCTION

Lot N4 of the eastern half of the ring road went under con-
struction in 2005. It included a flyover at the intersection
with Oktyabrskaya Railway line to station Mga. To provide
an extensive elevation over the rolling stock an approach
embankment of 11.6m high was proposed. The initial Soil
Investigation Report for this section indicated natural
ground that was described as competent so no additional
measures for overall stability and bearing capacity were
designed. The contractor started with the construction of
the piled foundation for the reinforced concrete abutment. It
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was soon realized that what was described as ‘competent’ in
the initial Soil Investigation, was a dried streambed forming
just a ‘crust’ crossing the site. The ‘crust’ was actually found
to be underlaid by 23m of soft soil deposits with ground
water level at -0.5m below the surface (Figure 1) that was
covered with topsoil.

Figure 1. CH701+64 section

The encountered soft soil deposits comprised sandy and
silty clays with low strength properties (Table 1) and
squeezed between the fingers under compression (Figure
2).

Table 1. Design soil strength parameters.

Soil | Description Angle Cohesion | Egmodu-
of fric- | ¢’,kPa lus, MPa
tion ,
q)’()
4a Fluid thixotropic 13 6 6.5
silty clay
4b Fluid thixotropic 7 7 38
streaky silty clay
12b | Plastic sandy clay | 19 16 11
12v | Fluid sandy clay

Figure 2. Typical soft soils on the site

Overall stability FoS against bearing failure was <0.9, the
predicted settlement was in the order of 0.64m and 1.79
years would be required until 90% of the predicted consoli-
dation took place.

2.1 Comparing alternatives

According to the contract there were only 10% from overall
construction costs allowed to be spent to deal with unfore-
seen site conditions. Consultant company NTO OOO “Dor-
service” provided an independent comparison of several soil
improvement techniques in order to identify the most cost-
effective one (Table 2).

Together with several conventional methods, Tensar Stra-

tum™ cellular foundation mattress, which can be installed
directly on the natural soil in the base of embankment, was
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offered. This cellular foundation mattress system is 1 m
thick and forms a continuous series of interlocking cells us-
ing stiff polymer uniaxial and triaxial geogrid reinforcement
to contain and confine granular material, providing a stiff
but permeable foundation to an embankment that maximis-
es the bearing capacity of the soft soil beneath it (Bush et
al., 1989) and forms a stable base for the embankment. It
is worthy to note that unlike the conventional constructions
with high strength reinforcement geotextiles which required
provision of anchorage length, the geogrid cellular founda-
tion mattress option is self-contained and does not need
extensive external anchorage beyond the embankment
base.

Table 2. Soil improvement options comparison

N Option Cost (k$)

1 Cement-sand piles 15790

2 Drilled piles 17877

3 Driven piles 19443

4 Lightweight embankment with ex- 8563
panded polystyrene

5 Bridge 9362

6 Embankment with geodrains 3051

7 High strength geotextile rein- 5579
forcement

8 Tensar Stratum™ reinforced mat- 2525
tress

According to the comparison as presented in Table 2 above,
the cheapest type of piled foundation was 6.25 times more
expensive than the geogrid cellular foundation mattress
High strength geotextile reinforcement, being the most tra-
ditional and usual practice, was originally expected to be
the most effective. However, since this technique does not
reduce the value and period of settlement, the cost of the
predicted asphalt repairs of the finished pavement sup-
ported by the embankment had to be added to the total
cost making a geotextile option expensive. Amongst all soil
improvement options considered, The geogrid cellular foun-
dation mattress was found to provide faster soil consolida-
tion and even and reduced settlement across and along the
embankment. The geogrid cellular foundation mattress was
chosen as the most appropriate improvement option and
was adopted for the scheme.

2.2 Geogrid cellular foundation mattress Design Concept

The application of a geogrid cellular foundation mattress
under the base of an embankment over a soft soil will
create an embankment foundation with the following fea-
tures (Jenner et al., 1988):

(a) A perfectly rough interface between the mattress and
the soft foundation soil due to the partial penetration of the
granular fill through the base geogrid material. A unique
multi-directional geogrid with triangular shaped apertures
was adopted as the base for the geogrid cellular foundation
mattress in this project.

(b) A stiff platform to ensure both an even distribution of
load onto the foundation and the formation of a regular
stress field within the soft foundation soil. The stiff platform
is created by the high tensile strength of the uniaxial geogr-
id material used in the geogrid cellular foundation mattress
construction to confine the granular infill.

The above characteristics have the effect of rotating the
principle stresses and hence potential slip planes through
the geogrid cellular foundation mattress depth so that the
potential slip plane is near vertical at the interface between
the mattress and the soft foundation soil. Any potential slip
circles are thus driven deep into the foundation soil and the
plasticity bearing condition becomes a more critical mode
for design rather than a slip circle. Therefore, an enhanced
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bearing capacity can be developed with a full base friction
situation (i.e., perfectly rough base) being the ultimate
achieved value.

The stress condition at the interface between the geocell
mattress and the soft soil is then examined to ensure
(BS8006-1:2010) that the confining stress available from
the stiff geogrids acting on the granular fill is greater than
the required to mobilise the full shear strength of the un-
derlying soft soil. The method of evaluating the horizontal
stress at the interface is carried out using the Mohr circle
construction considering the friction angle of the granular fill
and the limiting shear stress (i.e., the undrained shear
strength) of the soft soil layer.

2.3 Geogrid cellular foundation mattress construction

The contractor had no previous experience in constructing
this type of structure and expected the process to be time
and labor consuming. A subcontractor was hired to con-
struct the geogrid cellular foundation mattress under the
guidance of the manufacturer (Tensar).

The average construction rate for a team of six workers was
approximately 200sq.m per shift. The site team managed to
complete the total 5000 sq.m of geogrid cellular foundation
mattress installation and filling in just less than 1 month.
Figures 3 and 4 show views during the geogrid cellular
foundation mattress construction.

Figure 3. Raising and filling the geogrid cellular foundation
mattress.

Figure 4. Geogrid cellular foundation mattress general
view.

2.4 Further construction monitoring

For projects that involve high loads on soft soil construction
monitoring is always recommended. In this project, 6 pore
pressure transmitters (piezometers) and 6 settlement
markers were installed on 25/7/2005 and 5/8/2005 though
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boreholes 120mm in diameter and below/at the base of the
geogrid cellular foundation mattress (Fig 5). Monitoring was
carried out until December 2005.
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Figure 5. Monitoring instrumentation location.

Graphics of pore pressure level in relationship with the ap-
plied load during construction period were developed to
control the speed of embankment construction. Filtration
consolidation started when pore pressure reached a value of
0.132 MPa (Figure 6).
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Figure 6. Consolidation pressure determination.

The ratio of pore pressure to applied load was also plotted
against time (Figure 7). If the 25/7/2005 (piezometer in-
stallation date) is taken as day 0 then by day 100 approx-
imately, that would correspond to November 2005, it was
measured that ~30% of the applied load was carried by
water and ~70% of applied load was carried by the consoli-
dated foundation soil. Monitoring also revealed that by No-
vember 2005, 90% of the predicted settlement was reached
(Figure 9).

One of the main reasons for pore pressure control is the
limitations of soil lateral movement. This value has to be
high enough to facilitate filtration, but at the same time to
prevent soil particles from horizontal shearing. It is there-
fore vital that the filling process of both the geogrid cellular
foundation mattress and the embankment above is con-
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trolled and monitored so that the system is always kept in
equilibrium.
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Figure 7. Pore pressure to applied load ratio reduction with
time.

At the end of August 2005 and beginning of October 2005
(Figure 8) the construction process had to slow down to
avoid foundation plastic failure. This did not affect the con-
struction program as construction activity was moved to
adjacent section so no real construction time was wasted.
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Figure 8. Pore pressure measurements showing August
2005 and October 2005 peaks.
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Finally the embankment was complete on time and consoli-
dation settlement ratio was limited within 2cm/year, which
is an allowable rate for pavement construction.

3 RESULTS

The geogrid cellular foundation mattress successfully al-
lowed for:

e stability of the foundation without the need for expen-
sive and time consuming options

e safe access to site and a proper working platform for
construction machinery

e even and controlled settlement

Maximum total settlement was 34cm, which is just 54% of
the predicted value. 90% of consolidation was reached in
only 4 months because the geogrid cellular foundation mat-
tress due to its permeable nature, serves as a good drai-
nage layer too at the base of embankment. The contractor
successfully met the completion date deadline on time and
within budget.

To date, no pavement repair has been necessary due to
secondary settlement and this project became a good gate-
way for many more geogrid cellular foundation mattresses
to be successfully constructed in the following 9 years.
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Bridge Approach Embankment with MSE Walls
and Pulverized Fuel Ash

Chaido (Yuli) Doulala-Rigby and Martin Black

For a new major road construction (the Tinsley Link) in the
North of England, a bridge approach embankment needed
to be designed and constructed. A 500m-long mechanically
stabilized earth (MSE) wall on piled foundations was pro-
posed, one that would utilize geogrid reinforcement and
enable the beneficial use of pulverized fuel ash (PFA).

The PFA—a waste product of pulverized fuel (typically coal)
fired power stations—was supplied by the nearby EDF West
Burton and Cottam power stations. The MSE walls were
built up to 11m in height in order to achieve the required
grade separation of the proposed link road alignment.

The project provides an exemplary case of geogrid design
and construction.

REINFORCING TINSLEY LINK

Tinsley Link forms a key part of a government approved
£28 million strategic Bus Rapid Transit (BRT) scheme in the
North of England that aims to help unlock economic devel-
opment in the Lower Don Valley by funding a high frequen-
cy bus service from Rotherham to Sheffield.

Sheffield City Council looked at various options of structures
that could form Tinsley Link. The options included a conti-
nuous raised viaduct on piled piers, an embankment with
piled reinforced concrete walls, and construction over a
reinforced soil embankment. The geogrid-reinforced MSE
option was selected due to advantages in cost, construction
time, sustainability, and environmental friendliness.

The main role of geosynthetics in the work concern the con-
struction of a bridge over existing rail tracks and the adja-
cent River Don—a section known as the Fitzwilliam Bridge—
and the design and build of approximately 490m-long rein-
forced soil approach embankments to the bridge on a piled
foundation.

PULVERIZED FUEL ASH FOR FILL

The existing founding soils were comprised of low-bearing
foundation strata that would be unable to support the pro-
posed reinforced soil embankments. The most cost-effective
method of ground improvement was deemed to be a com-
bination of Vibro Stone Columns (VSCs) under the lower
parts of the wall and concrete piles under the higher parts
of the wall. A geosynthetic-reinforced granular load transfer
platform (LTP) on top would form the founding medium for
the proposed reinforced soil embankment.

The reinforced fill needed to impose the lowest self-weight
on the foundations. Three options were considered:

e Well-graded granular fill with maximum particle size of
125mm (such as type 6I/6] as per Series 600 of High-
ways Works Specification in the UK)

e Selected wet/stony cohesive fill ((such as type 7C/7D as
per Series 600 of Highways Works Specification in the
UK)

e Pulverized Fuel Ash (PFA)

PFA was selected due its low density, when compared to
natural granular or cohesive fills. The supply came from
coal-fired power stations located approximately 40 miles
from the site.

Today, pulverized fuel ash is used widely as engineering fill
and as a component for concrete. PFA normally undergoes a
pozzolanic reaction and cements over time. When newly

produced PFA is strongly alkaline; a pH as high as 11 is
known, and >9 is normal but it does often decline in time
towards the average value of 7. This high alkalinity excludes
some materials (e.g., steel, polyester) from being used to
reinforce PFA. This problem does not arise with high-density
polyethylene uniaxial geogrids, as they are inert to chemical
attach and are unaffected by high pH conditions.

7 * c .
% ) (kPa) (kN/m?)
PFA Fill*!

27 5 1556
Improved
Foundation Soils
(Basal
ReinforcementL TP 0 4 20
by others) =2

*1Based on laboratory test data provided by the Contractor
*2Based on basal reinforcement/load transfer platform (LTP) composed of granular
material.

Design parameters for pulverized fuel ash and foundation
soils

TWO MSE SYSTEMS

Two types of MSE systems were used:

e Concrete modular face walls with PFA reinforced fill

e Steel mesh panel face thrust relief walls with PFA rein-
forced fill

The concrete modular face walls comprise four major com-
ponents: concrete modular face block, HDPE uniaxial geogr-
id, polymeric mechanical block connector, and the rein-
forced pulverized fuel ash fill.

An added advantage of the modular block retaining system
was that the individual component parts of the system could
be easily transported to the site separately. In addition to
that, the individual components are all dry laid so no curing
time or formwork is necessary, saving precious time in the
construction program.

The steel mesh panel face walls were comprised of uniaxial
geogrid to reinforce the soil, steel mesh panel to provide
retention to the slope face (also acting as formwork), and a
layer of erosion control geotextiles, which provided a barrier
to the vertical drainage layer that was placed in front of the
reinforced fill.

MSE CONSTRUCTION

Construction with geogrid-reinforced retaining modular
block or steel facing walls is a relatively straightforward
procedure with all components dry laid, in accordance to a
well-established and a tried and tested construction se-
quence. The pulverized fuel ash was compacted and rein-
forced with uniaxial geogrids.

The Tensar geogrid used on the project is characterized by
long, slim apertures. In the manufacturing process, the
high-density polyethylene grid is stretched in one direction
to produce a geogrid with significantly higher strength in
the direction of roll than in the cross direction. The geogrids
are secured to the modular block facing by the polymer
mechanical connector or through the steel mesh panel face
secured with a horizontal steel rebar. The 200 mm wide,
200 mm deep, 400 mm long modular concrete blocks are
laid dry without using mortar, removing the need for any
water-based products to be used in the process. The grids
are laid with the apertures perpendicular to the wall face
blocks and slightly tensioned to remove any slack. PFA fill is
then placed and compacted to 200 mm thickness, typically
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to 95% of its dry density. The geogrid is laid inbetween the
compacted PFA fill layers at a vertical spacing typically vary-
ing from 200 mm to 600 mm.
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Geogrids being slightly tensioned to remove slack during
installation

For Tinsley Link a few extra construction measures had to
be implemented in order to facilitate the successful installa-
tion of the PFA fill. PFA is susceptible to scour and washout.
Additional drainage measures were made as outlined in
BS8006-Part 1:2010 CI. 6.10.5.2, Cl. 6.10.5.3, and CI.
6.10.2.6.3. The whole PFA reinforced soil block was encased
in drainage layers as follows:

e A 200mm thick drainage layer was placed over the en-
tire base of all reinforced soil walls directly above the
LTP.

e A vertical 300mm thick drainage sand layer of grading C
or M (as defined in BS882) was placed directly behind
the modular concrete blocks.

e A vertical 1000mm thick drainage sand layer of grading
C or M (as defined in BS882) was placed directly behind
the steel mesh facing thrust relief walls o behind both
the bridge abutments.

e A 500mm well graded granular fill was placed at the
crest of the reinforced soil walls below the finished
pavement construction.

All drainage layers were constructed with adequate drainage
pipes that were integrated and discharged off appropriately
to the wider site drainage system.

Movement joints 20mm wide filled with compressible silicon
joint sealant were constructed along the embankment
where the foundation type changed from VSCs to PRIs and
at the interface between the edge of the bridge abutment
pile cap and the abutted remaining MSE walls.

A minimum 200mm void was allowed for in between the
face of the steel mesh facing thrust relief wall and the
bridge abutment to allow for any potential deformations of
the TR2 face during its construction and to ensure that
there will be no load transfer from the thrust relief wall onto
the bridge abutment. This void can be filled with compressi-
ble material such as pea gravel or polystyrene blocks.

A number of sustainable urban drainage system (SUDS)
drainage culverts, typically 600mm in diameter and animal
passage tunnels were incorporated at set locations through-
out the base of the embankment. Detailed geogrid ar-
rangements were provided where the culverts and tunnels
were interfering with the geogrids ensuring the stability of
the MSE walls remained intact.
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Animal passage tunnel along the base of the MSE wall

A SUSTAINABLE, AFFORDABLE SOLUTION

In the end, the savings of replacing the granular fill with
pulverized fueld ash were in the order of tens of thousands
of pounds. The benefit of using waste/marginal fill in the
current economic and environmentally sensitive times was
easy to demonstrate, thereby maximizing the role of geo-
synthetics in providing engineering solutions that are not
only sustainable and environmental friendly but, above all,
are structurally sound, aesthetically attractive, fast to con-
struct, cost effective, and maintenance free.

Chaido (Yuli) Doulala-Rigby is Chief Civil Engineer with Ten-
sar International Limited, United Kingdom. Martin Black is a
Project Manager for Carillion Plc, United Kingdom.
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A full version of this article was published in the GeoAmeri-
cas 2016 Proceedings. The April 2016 conference was
hosted by the International Geosynthetics Society North
American Chapter. Learn more about the event and acquire
a copy of the three-volume digital proceedings at
www.geoamericas2016.0rg.

(Chris Kelsey / geosynthetica.net, November 13, 2016,
http://www.geosynthetica.net/fuel-ash-fill-mse-
embankment-tensar)
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Project Video: Geosynthetic Tubes for Coastal (Chris Kelsey / geosynthetica.net / November 11, 2016,
Protection http://www.geosynthetica.net/coastal-protection-sedlitz-
huesker-video)

A new project video from Huesker details a 1500m-long
coastal protection installation of geosynthetic tubes along
Lake Sedlitz in Germany’s Lusatian Lake District. The 1400
ha (3460 acre) lake is the largest of the manmade lakes in
the former lignite mining area. The old mines have been
flooded, a process that has restored the region to its histor-
ical natural beauty.

As the waters of Lake Sedlitz were given their final raising,
which would bring them up to the Village of Lieske, geosyn-
thetic erosion control and coastal protection tubes were
used to give the shoreline long-term stability.

SoilTain® Coastal Protection Tubes from HUESKER were
selected.

Coastal Protection Cliff Lieske | SoilTain Coastal Protection
Tubes https://www.youtube.com/watch?v=XnoJ6BMy tw

COASTAL PROTECTION FOR LIESKE

On-going erosion in the area had carved out a 5m-high
slope, which led up to the new waterfront. German mining
interests, which are responsible for the reclamation of the
area, needed to halt erosion and prevent future slippage of
the slope.

The installation of the geosynthetic tubes gave the project
continuous protection along the entire remediated stretch,
and the project demonstrated how inland lakes and ocean-
front beaches succeed with the same, efficient coastal pro-
tection strategy.

The SoilTain® tubes offered a highly durable, more sustain-
able solution, as the tubes utilized local soils for their fill.
Each tube was able to be built to 50 m in length. The
stacked design—two tubes high—provided a continuous 4m
protection height.

Additional benefits of the design include the ability of mi-
croorganisms to colonize on the surface of the large-volume
tubes, the sand-colored geotextiles surface of the tubes (for
blending into the environment), and the submergence of
the system at the final flooding stage for Lake Sedlitz’s
completion.

FINAL DETAILS, LAKE SEDLITZ PROTECTION

A geosynthetic sandmat was also installed below the system
to prevent piping and erosion beneath the large-volume
tubes as well as to provide scour protection above and be-
hind the tubes as additional slope fill was conducted.

SoilTain® bags were used to compensate for any height
difference or gaps created by the interface of the system
elements. Like the large tubes, the convenient bags were
filled with on-site material and offer the same, long-term
durability.
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AIAKPIZEIZ EAAHNQN
FEQTEXNIKQN
MHXANIKQN

BpaBeuon Znupou KmvoTavTh anod Tnv H Gold Line™ anoteAeital and 10 unodyeioug aTabuolc, uno-
Qatar Rail Y€la apagoaTaacia, epeaTa Kal nepinou 23km onpdyywv, nou

diavoixenkav pe 6 EPB TBMs, kabwg kal and 24 ouvOeTnpIEG
onpayyeg nou diavoixbnkav pe TNV PEBodo NATM.

Ta kabrikovTta Tou nepiIAapBavouv, YETAEU AAAWV:

e Alaxeipion Kal €€€Taon TEXVIKOV AUCEWV KAl MPOTACEWV
value engineering.

e Alaxeipion kal €€€Tacn TPOMOMOINOEWY TWV WEAETOV Kal
TWV CUMBATIK®V KAl EYAOPIKWOV EMNTWOEDV TOUG.

e Alaxeipion TWV TEXVIK®V OIENAP®V KAl CUVTOVIOHOG ME-
Ta&U Twv MoAImkwv Mnxavikwv / Mnxavikwov ZuoTnpd-
TwV / HAEKTPOUNXAVOAOYWV / APXITEKTOVWV OTIC PATEIC
MEAETNG KAl KATAOKEUNG TOU €PYOU.

e AIOXEIpION KAl OUVTOVIOUOC TOU TEXVIKOU €AEyXOU TwV

HEAETWV.

e 'EAEyX0C Kal napoxn TEXVIKNAG KaTeUBUVONG OXETIKA WE
O ouUVAdEAPOC ZnUPo¢ KwvoTavThc, MOAITIKOG MnXavikog 8£paTa Nou MPOKUNTOUV and TOV EAEYXO TWV HEAETWV Kal
EMM, Technical Manager Tng Qatar Rail oTo €pyo KaTaokeu- TWV EPELVQV.
¢ TnG Gold Line Tou METPO Tng Doha, BpaBeuBnke anod Tnv ) ) ) )
Qatar Rail wG o Ka)\UTEpoq manager Tng 8Tq|p8iaq yia To0 ™ H Gold Line KGTOO‘KEUGCETCII ano Tnv KOIVOI‘IpCIE,IG AKTQP,
2016. LARSEN & TOUBRO, YAPI MERKEZI, STFA ka1 AL JABER En-

gineering. MeAeTnTég ol eTaipeieg ATKINS, ARUP kai OTM.
O =nUpog KwvoTtavtng epyaletal otnv Qatar Rail and Tov Project Management Consultant n koivonpa&ia LOUIS BER-
Iavoudpio 2014 wg Technical Manager oTo £pyo KATAOKEUNG GER / EGIS RAIL kai Design Verification Engineer (Aggaptn-
NG Gold Line Tou METPO Tng Doha. ToG Mnxavikog) n etaipeia Mott MacDonald.

7
RAILU—=HI

Accomplishing a Vision

Managing Director's Award of Excellence
2016

Award Category: Project Management

Presented to
Spyridon Konstantis

Technical Manager

In recognition for exceptional performance and commitment to
deliver the vision and values of Qatar Rail.

Tuesday, 29 November, 2016

[ —— =

Abdulls Abdulaziz Turkd Al Subai _ -
Managing Director .
& Chairman of the Executive Committee e —
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Geoengineer.org Announces the James K. Mit-
chell Legacy website!

Didier Pinheiro

The James K. Mitchell Legacy website is launched to
Honor Professor Jim Mitchell

Geoengineer.org, with the support of the Shamsher Prakash
Foundation, is pleased to launch the James K. Mitchell
Legacy website, a resource website devoted to honor Prof.
Jim Mitchell and his long-lasting career at the University of
California at Berkeley first and subsequently at Virginia
Tech. The website is a repository of bio information, publi-
cations, photos, related to Jim Mitchell's truly amazing ca-
reer in the geotechnical profession.

The website also includes testimonials from some of the 75
PhD students as well as several colleagues of his. The web-
site will continue to be updated as more information is pro-
vided/donated.

Geoengineer.org also invites anyone who has any resources
related to Prof. Mitchell's career, projects to submit it for
inclusion on the website as a historical record of this pioneer
of the geotechnical profession.

You can visit the site HERE
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NMPOZEXEIx
FEEQTEXNIKEz
EKAHAQZEIZ

Ma TIC NaAAIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€G pnopoUv va avalntnouv oTta nponyoUueva TeUXn Tou
«replodikoU» Kal OTIG NapaTiBEPEVEG I0TOTEAIDEG.

TUNNELLING SUMMIT - Pinpointing project opportunities
and exploring innovation in tunnelling, 7-8 December 2016,
London, U.K., https://tunnelling.newcivilengineer.com

5% International Conference on Forensic Geotechnical Engi-
neering, 8-10 December 2016, Bangalore, Karnataka, India,
http://5icfge.com

International Symposium on Submerged Floating Tunnels
and Underwater Tunnel Structures (SUFTUS-2016), 16-18
December 2016, Chongqing, China, www.cmct.cn/suftus

MPM 2017 - First international conference on the material
point method for Modelling Large Deformation and Soil-
Water-Structure Interaction, 10 - 13 January 2017, Delft,
The Netherlands, http://mpm2017.eu

International Workshop on “Advances in Multiphysical Test-
ing of Soils and Shales”, 18-20 January 2017, Villars, Swit-
zerland, http://atmss.epfl.ch

ICNCGE-2017 International Conference on New Challenges
in Geotechncial Engineering, 23 January 2017, Lahore, Pa-
kistan, www.pges-pak.org/home/icncge-2017

o3 O

2nd "Dams & Seisms" EWG Workshop
Lessons Learned from the Recent Earthquakes
in Italy. Qualification of Seismic Dams Analyses
and of their Equipments & of Probabilistic
Assessment of Seismic Hazard in Europe
February 6-7, 2017, Roma, Italy
giovanni.ruggeri@enel.com

This international symposium is the second annual meeting
of the ICOLD European Club Working Group “Dams and
Earthquakes”.

ITCOLD will invite experts to present and discuss the les-
sons learn from the 2016 and 2009 earthquakes and EWG
participants to Discuss two questions: “How the probabilistic
seismic hazard assessment and the dynamic analyses are
validated? What are the evidences of flaws or accuracy in-
currentpractice?” The deliverable will be presentations given
to all th eparticipants.

Dr. Jean-Jacques FRY
Chairman EWG “Dams and Earthquakes”
jean-jacques.fry@edf.fr / (+33) 6 70 70 16 37
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Tunnelling Asia' 2017 - Design, Construction and Risk Man-
agement in Underground Construction : Issues & Chal-
lenges, 9 - 10 February, 2017, Mumbai, India, su-
nil@cbip.org; cbip@cbip.org; www.cbip.or

International Congress and Exhibition HYDROPOWER
CASPIAN AND CENTRAL ASIA, 15-16 February 2017, Thilisi,
Georgia, www.hydropowercongress.com

4th Arabian Tunnelling Conference & 20th Gulf Engineering
Forum - Advancing Underground Space, 21-22 February
2017, Dubai, UAE, www.atcita.com

AFRICA 2017 - Water Storage and Hydropower Develop-
ment for Africa, 14-16 March 2017, Marrakech, Morocco,
www.hydropower-dams.com/AFRICA-2017.php?c id=89

3rd Annual Urban Underground Space & Tunnelling, 27th-
29th March 2017, Singapore, http://isocarp.org/events/3rd-

annual-urban-underground-space-tunneling

Instrumentation and Monitoring Conference 2017 - Innova-
tion, best practice and projects, 29- 30 March 2017 | In-
marsat, London, U.K., https://monitoring.geplus.co.uk

2" International Conference on Geotechnical Research and
Engineering (ICGRE'17), April 3 - 4, 2017, Barcelona, Spain,
http://icgre.or

IS - S3o Paulo 2017, 9th International Symposium on Geo-
technical Aspects of Underground Construction in Soft
Ground, April 4 and 5 2017, Sdo Paulo, Brazil, www.is-
saopaulo.com

Southeast Asian Conference and Exhibition in Tunnelling
and Underground Space 2017 (SEACETUS 2017) - Innova-
tion and Sustainable Underground Space Development, 18 -
19 April 2017, Subang Jaya, Selangor, Malaysia, no-
ra@iem.org.m

EURO:TUN 2017 IV International Conference on Computa-
tional Methods in Tunneling and Subsurface Engineering, 18
— 20 April 2017, Innsbruck, Austria, www.eurotun2017.com

SEE TUNNEL 2017 Zagreb 7th International Symposium on
Tunnels and Underground Structures in South-East Europe,
May 4-5, 2017, Zagreb, Croatia, www.promovere.hr

YSRM2017 & NDRMGE 2017 Challenges and Innovations in
Rock Mechanics and Engineering, 10-13 May 2017, Jeju
Island, South Korea, www.ysrm2017.com

TechnoHeritage 2017 3rd International Congress Science
and Technology for the Conservation of Cultural Heritage,
May 20-23, 2017, Cadiz, Spain,
http://technoheritage2017.uca.es

EPS’17 5™ International Conference on the Use of EPS Geo-
foam Blocks in Construction Applications, 22-24 May 2017,
Istanbul, Turkey, www.geofoam2017.org
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Ny /4™ World Landslide Forum
7 LIUBLIANA SLOVENIA EU

“Landslide Research and Risk Reduction for
Advancing Culture of Living with Natural Hazards"”
May 29 - June 2, 2017, Ljubljana, Slovenia
www.wlf4.org

I would like to cordially invite you to be actively involved
into the 4™ World Landslide Forum that will be held in the
Cankarjev dom - Cultural and Congress Centre in Ljubljana,
Slovenia, from 29 May to 2 June 2017 under the honorary
patronage of His Excellency Mr. Borut Pahor, President of
the Republic of Slovenia.

The event is jointly organized by the International Consor-
tium on Landslides (Kyoto, Japan), the International Pro-
gramme on Landslides (IPL), the University of Ljubljana and
the Geological Survey of Slovenia. The Forum is a contribu-
tion to the implementation of the Sendai Framework for
Disaster Risk Reduction 2015-2030 which was adopted by
UN Member States in March 2015 at the Third UN World
Conference on Disaster Risk Reduction (3rd WCDRR) in
Sendai City, Japan.

Scientists, engineers, and researchers/policy makers work-
ing in the area of landslide technology, landslide disaster
investigation and landslide remediation are encouraged to
share their work with the global community by submitting
papers and presenting their work at the WLF4. Each partici-
pant will be given an opportunity to orally present his/her
work. The reviewed contributions to the forum will be pub-
lished as the forum proceedings by Springer Nature publish-
ing house in a set of five full-color books, covering the fo-
rum 5 themes, each organized in several parallel technical
sessions. The Forum will offer several important events,
such as a High Level Panel Discussion of governmental rep-
resentatives, a Round Table, Photo Contest and Exhibition,
Student Award, Technical Exhibition, and three interesting
Post-Forum Technical Study Tours.

Sincerely Yours

Matjaz Mikos, WLF4 Forum Chair
Forum Themes

THEME 1

Sendai Partnerships 2015-2025

ICL proposed “ISDR-ICL Sendai Partnerships 2015-2025 for
global promotion of understanding and reducing landslide
disaster risk - Tools for Implementing and Monitoring the
Post-2015 Framework for Disaster Risk Reduction and the
Sustainable Development Goals” to the Third United Nations
World Conference on Disaster Risk Reduction (WCDRR) held
in Sendai, Japan on 14-18 March 2015. The proposal was
formally accepted and sixteen intergovernmental, interna-
tional and national organizations signed the Sendai Partner-
ships:

International Consortium on Landslides (ICL),

United Nations Office for Disaster Risk Reduction (UN-
ISDR),

e United Nations Educational, Scientific and Cultural Or-
ganization (UNESCO),

e Food and Agriculture Organization of the United Nations
(FAO),

e United Nations University (UNU),
e International Council for Science (ICSU),

World Federation of Engineering Organizations (WFEQ),
International Union of Geological Sciences (IUGS),
International Union of Geodesy and Geophysics (IUGG),
Cabinet Office, Government of Japan (CAQO),

Ministry of Education, Culture, Sports, Science and
Technology, Government of Japan (MEXT),

Kyoto University, Japan,

Science Council of Japan,

National Civil Protection Department, Italian Presidency

of the Council of Ministers, Government of Italy,

e National Protection and Rescue Directorate, Republic of
Croatia,

e Global Risk Forum (GRF), Davos.

These partnerships are the central activities within global
landslide community from 2015-2025 contributing to the
United Nations International Strategy for Disaster Risk Re-
duction.

Session 1.1 - Sendai Partnerships 2015-2025
Objectives and Proposed Activities of Sendai Partnerships.

1. ISDR-ICL Landslide Teaching Tools.

2. Papers from 16 signatory organizations stating their
profiles and possible contribution to these partnerships.

Session 1.2 - International Programme On Landslides
(Ipl)

1. Activities of World Centres of Excellence and its contri-
bution to landslide risk reduction.

2. Scientific and Technological Achievements and Activity
reports of IPL projects.

3. Activities of Regional and Thematic Networks.
Session 1.3 - Landslides And Society

1. Legislation & Risk Communication for landslide risk re-
duction.

2. International, national and regional efforts of Capacity
Building & Education.

3. Case studies of landslide risk reduction efforts integrat-
ing local and regional communities.

THEME 2
Advances in Landslide Science

There has been a significant progress in the field of
landslide science in recent years. This progress can be attri-
buted to the development of field monitoring and remote
sensing technology, development of robust devices for mon-
itoring of landslides as well as field and laboratory testing,
availability of highly precision sensors, development of large
scale physical modelling facilities, development of high pre-
cision and high speed computational infrastructure, 2D to
4D numerical simulation programs, availability of high reso-
lution remote sensing imagery and data processing capabili-
ties, and many other factors. This volume of the WLF4 will
include the recent advancements made in the research and
implementation pertinent to the above mentioned activities
in the past couple of years.

Session 2.1 - Landslide Field Recognition & Identifi-
cation: Remote Sensing Techniques, Field Techniques

1. An overview of the recent developments and research
studies in landslide field recognition and identification
techniques, including but not limited to various remote
sensing techniques, field investigation methods, etc.
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2. Keynote and invited papers on recent research and de-
velopment pertinent to the landslide field recognition
and identification techniques.

3. Individual papers pertinent to research studies and ap-
plication of various remote sensing techniques available
in practice.

4, Individual papers pertinent to various investigation
techniques pertinent to landslide recognition and identi-
fication at a micro and macro scale.

Session 2.2 - Landslide Investigation: Field Investi-
gations, Laboratory Testing

An overview of recent development at research and applica-
tion of landslide investigation techniques, both in the field
and laboratory levels.

1. Keynote and invited papers on recent advances in field
and laboratory based landslide investigation techniques.

2. Individual papers pertinent to various in-situ landslide
investigation methods.

3. Individual papers pertinent to various large and small
scale laboratory based landslide investigation methods,
such as laboratory testing of soils and rocks.

Session 2.3 - Landslide Modeling: Landslide Mechan-
ics And Simulation Models

1. An overview of the recent developments and research
studies pertinent to physical and numerical modeling re-
lated to landslides causes, mechanism and remediation
techniques.

2. Keynote and invited papers on recent research and de-
velopment pertinent to the physical and numerical mod-
eling for landslide causes, mechanism and remediation.

3. Individual papers pertinent to research studies and ap-
plication of various physical modeling techniques related
to landslide causes, mechanism, and remediation.

4, Individual papers pertinent to research studies and ap-
plication of various numerical modeling techniques re-
lated to landslide causes, mechanism, and remediation.

Session 2.4 - Landslide Hazard, Risk Assessment &
Prediction: Landslide Inventories & Susceptibility,
Hazard Mapping Methods, Damage Potential

An overview of the recent developments and research stu-
dies pertinent to landslide hazards, risk assessment and
prediction techniques.

1. Keynote and invited papers on recent research and de-
velopment pertinent to the landslide hazards, risk as-
sessment and prediction techniques.

2. Individual papers pertinent to research studies and ap-
plication of LS inventories and identification of landslide
susceptibility.

3. Individual papers pertinent to research studies and ap-
plication of various landslide hazard mapping techniques
available in practice.

4. Individual papers pertinent to research studies and ap-
plication of various techniques to identify the damage
potential due to landslides.

THEME 3

ADVANCES IN LANDSLIDE TECHNOLOGY

The development of technology used in landslide identifica-
tion, analyses, monitoring, prediction and remediation im-

proved landslide science during last decades. In landslides
risk reduction and sustainable disaster management, the

main roles have three closely connected elements: monitor-
ing, prediction and warning of landslides. Predictions of
landslide occurrences are based on a deep understanding of
all processes which lead to the slope failures in relationships
with available measured monitoring data. Early warning
system, based on landslide monitoring and prediction, is the
most economical landslide risk reduction measure. Despite
the significant advancement in landslides science, technolo-
gy and landslide risk preparedness, the occurrences of
landslide disaster are still numerous, unexpected and deadly
in different reliefs and geological conditions over the world.
The purpose of landslide stabilization and remediation
measures is to ensure permanent stability of the slope
against current and reasonably possible conditions in the
slope. The successful application of each performed meas-
ure depends on correct recognition during the investigation
of the specific soil and groundwater conditions in the field
and application in the remediation design and each landslide
stabilization design should be an original consideration
about landslide geometry, active forces, soil or rock
strength, and their development in time using innovative
technologies.

This volume of WLF4 will include the states of the art, the
best practice techniques and overall experiences on moni-
toring, prediction and warning of landslides caused by dif-
ferent triggering factors in different parts of the world. Case
studies about landslide disasters under different circums-
tances from all aspects of landslide praxis are also welcome.
Well documented consideration, analyses and design de-
scriptions used in landslide reduction, mitigation and re-
mediation are expected as contributions to this volume.

SESSION 3.1 - Landslide Monitoring and Warning:
Monitoring Techniques And Technologies, Early Warn-
ing Systems

A state-of-the-art report of the recent developments and
research studies in landslide monitoring techniques and
technologies and early warning systems, including various
remote sensing techniques.

1. Keynote and invited papers on recent research and de-
velopment pertinent to the landslide monitoring tech-
niques and technologies and early warning systems.

2. Individual papers pertinent to research studies and ap-
plication of various landslide monitoring techniques and
technologies available in practice.

3. Individual papers pertinent to various investigation
techniques pertinent to landslide early warning systems.

SESSION 3.2 - Landslide Disasters and Relief: Case
Studies, Emergency Measures, First Aid, Civil Protec-
tion Measures

1. An overview of recent landslide disasters in the word.

2. Keynote and invited papers on recent landslide disasters
in the world.

3. Individual papers pertinent to case studies of landslide
disasters and occurrences in the world.

4. Individual papers pertinent to case studies of activities
related to landslide post-disaster emergency measures,
first aid, civil protection measures etc.

SESSION 3.3 - Landslide Mitigation, Remediation and
Stabilization: Landslide Protection Works, Landslide
Stabilization and Remediation, Landslide Non-
Structural Measures

1. A state-of-the-art report of the recent developments and
research studies pertinent to landslide mitigation, re-
mediation and stabilization.

2. Keynote and invited papers on recent research and de-
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velopment pertinent to landslide mitigation, remediation
and stabilization.

3. Individual papers pertinent to research studies and ap-
plication of various methods for landslide mitigation,
remediation and stabilization.

4. Individual papers pertinent to research studies and ap-
plication of various non-structural methods for landslide
mitigation, remediation and stabilization.

THEME 4
DIVERSITY OF LANDSLIDE FORMS

The term “landslide” describes a wide variety of processes
that result in the downward and outward movement of
slope-forming materials including rock, debris, soil, artificial
fill, or a combination of these. The various types of
landslides can be differentiated for example by the kinds of
material involved, the mode of movement and velocity.

Landslide occurrence varies according to different causes
such as topographic profile, geology, tectonic history, wea-
thering and erosion history and land use and triggers such
an intense rainfall event, an earthquake, a volcanic erup-
tion, a storm wave, or rapid stream erosion.

Landslides and other types of natural hazards such as
floods, droughts, wildfires, tsunamis, and volcanoes can be
strongly correlated to the so-called cascade effects.

This WLF4 volume will include recent research achievements
related to different landslide types in terms of typology,
material and triggering factors. This volume will include also
research outcomes made on the relationship between
landslides and other natural hazards.

SESSION 4.1 - Earthquake-Induced Landslides

An state-of-the-art report on the more recent developments
in Earthquake-Induced Landslides studies, including teoreti-
cal and pratictal outcomes both from in field and laborato-
ries experiences and analysis of the processes and mechan-
isms.

1. Keynote and invited papers on the most recent and in-
novative studies on characterization, monitoring and
modelling of slopes threatened by Earthquake-Induced
Landslides.

2. Individual papers pertinent to the assessment of the
hazard of Earthquake-Induced Landslides at different le-
vels ranging from regional studies to the site-specific
evaluation of individual slopes.

3. Individual papers related to the evaluation of the risk
assessment, management and mitigation of earthquake-
induced landslides, including, but not limited to, geologi-
cal, geomorphological, geotechnical, hydrogeological and
economical approaches using empirical, deterministic
and statistical methodologies.

4, Individual papers concerning instrumentation, monitor-
ing technologies, prediction and early warning systems
for Earthquake-Induced Landslides.

SESSION 4.2 - Rainfall-Induced Landslides

1. A state-of-the-art report on the more recent advances
and researches in the field of Rainfall-Induced
Landslides, including field investigation and monitoring,
hazard assessment, risk management and design prac-
tices of stabilizing actions.

2. Keynote and invited papers on the most innovative re-
search approaches and applications of methods for the
analysis of Rainfall-Induced Landslides from predispos-
ing factors and triggering causes up to geographic and

societal implications.

3. Individual papers related to the development of numeri-
cal modelling for the analysis of the landslide initiation,
propagation and spreading.

4. Individual papers on techniques for susceptibility and
hazard assessment with deterministic and statistical ap-
proaches ranging from slope scale to regional scale and
considering different geological, geotechnical and climat-
ic settings.

5. Individual papers on risk assessment and management
strategies, including empirical and physically-based
thresholds, monitoring techniques, early warning sys-
tems, prevention/mitigation activities and public policies.

SESSION 4.3 - Rapid Landslides: Debris Flows, Mud-
flows, Rapid Debris-Slides

A state-of-the-art report of the more recent developments
and research studies in the field of rapid landslides, includ-
ing field investigation and monitoring, numerical modelling,
hazard investigation, development of early warning systems
and design of countermeasures.

1. Keynote and invited papers on the most recent and in-
novative research approaches for the analysis of the
rapid landslides.

2. Individual papers concerning the development of numer-
ical modelling for the analysis of landslide initiation,
flowing and deposition.

3. Individual papers on risk management strategy, includ-
ing monitoring techniques, early warning systems and
design of countermeasures.

4. Individual papers on in-situ and laboratory experiments
for the collection of data on rapid landslides and calibra-
tion/validation of models.

SESSION 4.4 - Landslides in Rocks and Complex
Landslides: Rock Topples, Rock Falls, Rock Slides,
Complex Landslides

1. A state-of-the-art report of the more recent advance-
ments and findings in the Rocks and Complex Landslides
studies, including field and laboratory investigations,
monitoring methods, modelling processes, hazard pre-
diction techniques, early warning systems and risk miti-
gation methods.

2. Keynote or invited papers on the most innovative re-
search approaches for the identification and analysis of
the Rocks and Complex Landslides at different spatial
and temporal scales.

3. Individual papers on in-situ and laboratory experiments
for the landslide data collection and material characteri-
zation including invasive and not invasive techniques:
geotechnical and hydrogeological analysis, remote sens-
ing approaches, geophysical techniques.

4. Individual papers concerning the identification and in-
vestigation of the preparatory factors leading to slope
failure and the dynamic modelling of the post failure be-
havior in the spatial distribution and movement intensi-
ty.

5. Individual papers on risk management approaches, in-
cluding monitoring techniques, early warning systems
and countermeasures design both as prevention and as
post-event solution.

SESSION 4.5 - Landslides and Other Natural Hazards:
Floods, Droughts, Wildfires, Tsunamis, Volcanoes

A state-of-the-art report of the more recent developments
and research studies on landslides and other natural ha-
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zards.

1. Keynote and invited papers on the most recent and in-
novative research approaches for the analysis of the in-
teraction between landslides and other natural hazards.

2. Individual papers related to the characterization and
analysis of the natural hazard deriving, as cascade ef-
fect, from landslides (e.g. floods and tsunamis) or caus-
ing landslides during a subsequent domino effect (e.g.
droughts and wildfires).

3. Individual papers concerning landslides on volcanoes:
collapses influenced by volcanic activities and collapses
not induced by the inner magmatic motion or external
emission of juvenile material.

THEME 5
LANDSLIDES IN DIFFERENT ENVIRONMENTS

The main goal of this session is to draw attention to the
different variety of landslides with respect to communities,
infrastructure and cultural heritage. Landslides in the natu-
ral environment will be covered as well, including all forms
of aquatic environments. Recent progress in dating tech-
niques has greatly improved the ability to determine the
age of various types of landslides. Another challenge is to
relate established landslide chronologies to regional paleo-
environmental changes (e.g. paleo-seismic events, deglac-
iation, climatic changes, and human-induced deforestation).
We would also like to draw attention to the variety of
landslides in the context of different climatic zones, geo-
morphological and geotechnical settings and triggering fac-
tors, in order to gain better knowledge of the possibilities of
mitigation and risk management.

SESSION 5.1 - Landslide Interactions with the Built
Environment

1. An overview of methodologies and techniques used to
identify devastating effects on buildings, infrastructure
and large engineering works as well as cultural heritage.

2. Keynote and invited papers on most recent progress in
this topic.

3. Individual papers from risk analysis and resilience to
socio-economic aspects.

4. Individual papers describing the devastating effects,
which could be used for education and future scientific
and technological progress.

SESSION 5.2 - Landslides in Natural Environment

1. An overview of methodologies and techniques used to
analyse individual case studies from different natural
environment (various climatic zones - e.g. tropical envi-
ronment, alpine mountains, cold regions).

2. Keynote and invited papers on recent research progress
on landslides in the natural environment.

3. Individual papers related to natural hazard analysis from
different environments which predetermine a large va-
riety of slope movements.

4. Individual papers which stress triggering factors or re-
gional aspects.

Session 5.3 - Landslides and Water

1. An overview of methodologies and techniques used for
landslide analysis associated with the aquatic environ-
ment (e.g. rivers and reservoirs, submarine and costal
landslides, landslide-induced tsunamis).

2. Keynote and invited papers on recent research progress
in this topic.

3. Individual papers related to landslide mitigation and risk
management.

4. Individual papers associated with the large variety of
predisposing factors of the aquatic environment.

SESSION 5.4 - Landslides as Environmental Change
Proxies: Looking at the Past

An overview of methodologies and techniques used for
landslide analysis in the context of environmental changes.

1. Keynote and invited papers on recent research progress
on landslides as proxies of past climate change related
to paleo-earthquakes and human-induced paleo-
environmental changes.

2. Individual papers related to landslide chronologies and
paleo-landslides, especially related to past environmen-
tal change.

3. Individual papers related to changes in the frequency
and magnitude of landslides.

4. Individual papers related to landslide dating using his-
torical documentary sources and tree-ring dated mass
movements - high resolution datasets from the past few
centuries.

SIDE EVENTS
WLF4 STUDENT SESSION

Young student landslide researchers are the key of sustain-
able development of landslide science and community. The
WLF4 is an opportunity for them to develop international
collaborative networks. Students are encouraged to present
their landslide research in the form of a regular Forum pa-
per in the student session. The first author must be a stu-
dent and the paper must be presented orally by the stu-
dent, the number of paper’s co-authors is limited to three
(i.e. since the student is the first author, 4 in total). Eligible
papers will be evaluated by a panel of participating profes-
sors. Distinguished student awards (2-3) will be made to
the first authors of the best presented papers judged under
the different research and educational conditions of devel-
oped and developing countries. The ICL President will
present the distinguished student awards to the recipients
in the closing plenary session on 2 June 2017.

Contact

For requests about scientific and other academic issues
please contact:

UL FGG - University of Ljubljana,

Faculty of Civil and Geodetic Engineering,
Jamova c. 2, 1000 Ljubljana, Slovenia
secretariat@wlf4.org

O3 D

Rapid Excavation and Tunneling Conferrence, June 4-7,
2017, San Diego, USA, www.retc.org

IV International Course on Geotechnical and Structural
Monitoring, June 2017, Rome, Italy,
www.geotechnicalmonitoring.com/en

PRF 2017 Progressive Rock Failure, 5-9 June 2017, Ascona,
Switzerland, www.prf2017.ethz.ch
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EAgs - EurAsian Geotextiles Symposium 2017, 07 - 08 June
2017, Beijing, China, www.edana.org/education-
events/conferences-and-symposia/event-detail/eurasia-
geotextiles-symposium-2017

World Tunnel Congress 2017 Surface challenges - Under-
ground solutions, 9 to 16 June 2017, Bergen, Norway,
www.wtc2017.no

EUROCK 2017 Human Activity in Rock Masses, 20-22 June
2017, Ostrava, Czech Republic, www.eurock2017.com

BCRRA 2017 Tenth International Conference on the Bearing
Capacity of Roads, Railways and Airfields, 28th to 30th June
2017, Athens, Greece, www.bcrra2017.com

85th Annual Meeting of International Commission on Large
Dams, July 3-7, 2017, Prague, Czech Republic,
www.icold2017.cz

6th International Conference on Coupled THMC Processes in
Geostystems, 5-7 July 2017, Paris, France,
https://geoproc2017.sciencesconf.org

10th World Congress on Water Resources and Environment
"Panta Rhei", 5-9 July 2017, Athens, Greece,
http://ewra2017.ewra.net

GeoMEast2017, 15 - 19 July 2017, Sharm El-Sheik, Egypt,
www.geomeast2017.org

3" International Conference on Performance-based Design
in Earthquake Geotechnical Engineering (PBD-III), July 16 -
19, 2017, Vancouver, Canada, http://pbdiiivancouver.com

ICTUS17 The 2017 International Conference on Tunnels and
Underground Spaces, 28 August 2017 - 1 September 2017,
Seoul, Korea, www.i-asem.org/new_conf/asem17.htm

19™ International Conference on Soil Mechanics and Geo-
technical Engineering, 17 - 22 September 2017, Seoul, Ko-
rea, www.icsmge2017.org

SIFRMEG 2017 Shaoxing International Forum on Rock Me-
chanics and Engineering Geology, September 20, 2017,
http://forum.hmkj.com.cn/index.php/Index/show/tid/20

AfriRock 2017, 1st African Regional Rock Mechanics Sympo-
sium, 2 - 7 October 2017, Cape Town, South Africa,
WWW.Ssaimm.co.za/saimm-events/upcoming-events/afrirock-
2017

Geotechnique Symposium in Print 2017 Tunnelling in the
Urban Environment, http://www.icevirtuallibrary.com/pb-
assets/Call%?20for%?20Papers/Geo-Symposium-CFA-AW. pdf

HYDRO 2017 Shaping the Future of Hydropower, 9-11 Oc-
tober 2017, Seville, Spain, hydro2017@hydropower-
dams.com

GeoAfrica 2017 3rd African Regional Conference on Geosyn-
thetics, 9 - 13 October 2017, Morocco,
http://geoafrica2017.com

30 MaveAAfvio Zuvedpio ®paypdTwyv Kal TaulieuThpwy - Ala-
xeipion '‘Epywv kal MpoonTikeg AvanTtuéng, 12 - 14 OkTwppi-
ou 2017, ABnva, www.fragmata2017.gr

XIII International Conference “Underground Infrastructure
of Urban Areas 2017", 24-26 October 2017, Wroclaw, Po-
land, http://uiua.pwr.edu.pl/?lang=en

PARIS 2017 AFTES International Congress "The value is
Underground"”, 13-16 November 2017, Paris, France,
www.aftes2017.com
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WTC 2018
Dubai

World Tunnel Congress 2018
The Role of Underground Space
in Future Sustainable Cities
20-26 April 2018, Dubai, United Arab Emirates
www.wtc2018.ae

The ITA-AITES World Tunnel Congress is the world's leading
tunnelling event, bringing together tunnel and underground
space experts and professionals from all around the world.
It is the one tunnelling event you cannot miss! Join over
2000 engineers and professionals in exchanging the latest
trends and innovations, learn from case studies, and discuss
how tunnels will support future sustainable cities. Take the
opportunity to network at multiple social events and, while
you here, experience true Arabian hospitality and enjoy
Dubai, the world's most cosmopolitan city, and all it has to
offer.

The International Tunneling and Underground Space Associ-
ation (ITA) is the leading international organization promot-
ing the use of tunnels and underground space through
knowledge sharing and application of technology. ITA
represents all aspects of tunnel and underground space
planning, design and construction. Since its formation in
1974, ITA has encouraged the use of the subsurface and
has promoted advances in planning, design, construction,
maintenance and safety of tunnels and underground space.
Currently, over 70 Member Nations and hundreds of Corpo-
rate and Individual Affiliate Members are members of ITA.

Each year, ITA holds its General Assembly meeting and, at
the same time, holds the World Tunnel Congress (WTC) in a
different Member Nation around the world. WTC is the
foremost international conference on tunneling and under-
ground space where participants gather and share informa-
tion to improve their industry. In 2016, the WTC will be held
in San Francisco hosted by the Underground Construction
Association (UCA).

Conference Topics

e Multi-Utility Tunnels - The ultimate solution

e Contractual Risk Sharing - a win / win arrange-
ment

e The right tunnelling construction method for the right
application

e Maintenance free design in sewer tunnels - Fact or Fic-
tion

e Urban dewatering and flood control with underground
structures

e Review of current tunnel design methods for mined tun-
nelling methods

e Innovation in Tunnelling technologies
e CAPEX vs. OPEX - how to define life cycle project cost

e Sustainable use of underground space
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e Ground engineering and risks management

e Advances in the material sector

e Repair and maintenance of underground structures
e Smart City - how can underground space contribute

e The importance of Project Management in Project devel-
opment

e (Case studies on TBM projects

e Life Safety for underground structures
Contact

Host: Society of Engineers - UAE
Tel: +971 4-2399555
Fax: +971 4-2398887

Email: conferences@soeuae.com
Website: www.soeuae.ae

Congress Secretariat

MCI Middle East

United Arab Emirates

Tel: +971 4 311 6300

Fax: +971 4 311 6301

Email : wtc2018@mci-group.com
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EUROCK 2018
22-26 May 2018, Saint Petersburg, Russia

Contact Person: Prof. Vladimir Trushko
Address: 21-st line V.O., 2

199106 St. Petersburg

Russia

Telephone: +7 (812) 328 86 71

Fax: +7 (812) 328 86 76

E-mail: trushko@spmi.ru
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16th European Conference on Earthquake Engineering
(16™ECEE), 18-21 June 2018, Thessaloniki, Greece,
www.l6ecee.org

CPT’18 4th International Symposium on Cone Penetration
Testing, 21-22  June 2018, Delft, Netherlands,
www.cptl8.org
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RockDyn-3 - 3rd International Conference on
Rock Dynamics and Applications
25-29 June 2018, Trondheim, Norway
www.rocdyn.org

The Third International Conference on Rock Dynamics and
Applications (RocDyn-3) will be held on 25-29 June 2018 in
Trondheim, Norway. It is a specialized conference supported

by the ISRM -International Society for Rock Mechanics and
the NBG - the Norwegian National Group of Rock Mechan-
ics.

Rock dynamics deals with the mechanical behavior of rock
materials and rock masses subjected to dynamic loading.
The topics include the propagation of stress waves, the sta-
bility of mining slopes, tunnels and underground caverns,
rockbursts, the behavior of ground support elements and
systems, rock blasting, percussive drilling, earthquake-
induced damages to rock structures and landslides, etc.
RocDyn-3 will cover the recent developments of both on-
site practices and laboratory and theoretical studies on the
above topics. Rockburst and seismic management will be
paid special attentions in the conference. Two special fo-
rums will be organized for open discussions on the topics of
(1) Rockburst and Dynamic Rock Support, and (2) Dynamic
Testing of Rock. Experienced on-site engineers and re-
searchers in both mining engineering and civil tunneling are
invited to attend the Forums for open discussion of com-
monly interested issues on these two topics.

Trondheim is the third largest city of Norway. It is the city
of technology in Norway, which hosts the largest Norwegian
University, NTNU - Norwegian University of Science and
Technology, and many other research and development
institutions.

RocDyn-3 organizers would like to welcome scientists, engi-
neers and students involving in rock dynamic issues both in
laboratory and on site to join us in Trondheim to share our
knowledge on these topics.

Dr. Charlie C. Li, Co-Chair & Dr. Zongxian Zhang, Co-Chair
RocDyn-3 Organising Committee

THEMES

RocDyn-3 is a specialized conference devoting to topics on
the dynamic behavior of rock and rock masses and engi-
neering applications. The themes include:

T1: Laboratory dynamic testing of rock;
T2: Theories and numerical simulations;

T3: Rockburst, dynamic loading and seismicity in under-
ground excavations;

T4: Dynamic rock support;
T5: Seismic monitoring and management;
T6: Blasting and explosions;

T7: Earthquake-related structure damage and
landslides;

e T8: Other relevant topics.

Forum 1: Rockburst and dynamic rock support
Forum 2: Dynamic testing of rock

The Forums are held in forms of invited presentations, open
speeches and discussions. The invited presentations will be
selected among the submitted papers.

For all queries regarding RocDyn-3, please contact: Roc-
Dyn-3 Conference Secretariat
Email: contact@rocdyn.org
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GeoChina 2018

5th GeoChina International Conference
Civil Infrastructures Confronting Severe
Weathers and Climate Changes:
From Failure to Sustainability
July 23-25, 2018, HangZhou, China
http: eochina2018.geoconf.or

On behalf of the Organizing Committee, we are pleased to
invite you to attend the 5th GeoChina International Confe-
rence 2018 to be held in HangZhou, China from July 23 to
25, 2018. This Civil Infrastructures Confronting Severe
Weathers and Climate Changes Conference is endorsed by a
number of leading international professional organizations.

This conference will provide a showcase for recent devel-
opments and advancements in design, construction, and
safety Inspections of transportation Infrastructures and
offer a forum to discuss and debate future directions for the
21st century. Conference topics cover a broad array of con-
temporary issues for professionals involved in bridge,
pavement, geotechnical, tunnel, railway, and emerging
techniques for safety Inspections. You will have the oppor-
tunity to meet colleagues from all over the world for tech-
nical, scientific, and commercial discussions.

Conference Themes
I: Transportation Geotechnical Engineering

e Non-Destructive Characterization of Geomaterials

e In-situ Test Methods for Site Characterization, Design and
Quality Control of Earth Structures and Subgrades

¢ Soils and Rock Instrumentation, Behavior and Modeling

e Advances in Unsaturated Soil, Seepage, and Environmen-
tal Geotechnics

¢ Soil Behavior and Laboratory Testing

e Foundation Failure and Repair

e Earth Retaining Walls and Slope Stability

e Bridge Approach Embankment

e Geosynthetic Reinforced Soil Retaining Structure

e Engineering Issues in Ground Subsidence

e Dynamic Behavior of Soils and Foundations

e Physical, Numerical, Constitutive Modeling of Soil Behavior
e Innovative and Sustainable Geomaterials and Geosystems
e Transportation Issues in Developing Countries

II: Pavement Engineering

¢ Airfield pavement analysis, rehabilitation and performance
e Recycled Asphalt Pavement

e Pavement Design, Modeling, Performance Evaluation, &
Management

e Sustainable Long Life Pavement

e Ground Improvement, and Chemical / Mechanical Stabili-
zation for Pavement and Geotechnical Applications

e Moisture Damage in Asphaltic Concrete Materials

e Geotechnical Properties and Their Effects on Portland Con-
crete Pavement Behavior and Performance

e Warm Mix

e Rehabilitation strategy selection and preventative mainte-
nance treatments

e Accelerated Testing of Pavement Structures and Materials

e Material, Design, Construction, Maintenance and Testing
of Pavement

e Asphalt Binder and Mixture Characterization
e Construction and Rehabilitation of Jointed Concrete Pave-

ment, Reinforced Concrete Pavement, and Continuously
Reinforced Concrete Pavement

e Bridges Deck Pavement

e Stabilization, Recycling, Foamed Bitumen and Emulsion,
Granular Materials

e Roadway Widening

e NanoTechnology & Its Application to Civil Infrastructure

e Asphalt Mix-Design, HMA Testing, & Material Property
Characterization

III: Bridge Engineering

e Non-Destructive Evaluation, Inspection Technologies,
Structural Health Monitoring, Remote Monitoring of Struc-
tures, Scour Assessment

e Seismic Design Issues for Bridges, and Underground
Structures

e Design Methods and Materials, Innovative Repair Methods
and Materials, Durable and Sustainable Designs, Innova
tive Materials, Advances in Foundation Design/Construct-
ion, Accelerated and/or Performance Based Design/Con-
struction, Aesthetics and Environment

e State-of-the-Arts and State-of-the-Practices on Bridge
Design, Construction and Maintenance.

e Special Foundation Treatment and Settlement Control
Technology

IV: Tunneling Engineering

e Tunnel Management and Inventory, Monitoring and Set-
tlement Control

e Emerging Technologies, Lining Design & Precast Segment
Advances

e Innovation in Tunneling Design, Construction, Repair, Re-
habilitation

e Fire & Life Safety, Vulnerability & Security

e Tunneling in Soft Ground, Ground Conditioning and Modifi-
cation

e Advanced prediction technology of tunnel construction
geology
e Deep excavations and urban tunnelling

V: Railroad Engineering

e Railway Track Substructure

¢ High Speed Rail System

e Seismic Design for Railway Structures

e Economics of Railway Engineering and Operations
e Structures, Maintenance and Construction

VI: Dam, Geomatics, Geoscience, Geophysics, and
Hazards

¢ Dam Engineering, Geo-Sciences, Geomatics, Geophysics,
and Gravity

e Geophysical Testing in Civil and Geological Engineering in
Transportation Geotechnical Engineering.

e Natural Hazard and Disaster Monitoring in Transportation
Geotechnical Engineering.

e Seismically Induced Hazards and Mitigation in Transporta-
tion Geotechnical Engineering.

e Extreme-Hazard Resilient Structures - Risk/Reliability As-
sessments, Emergency Management Practices, Multi-
hazard Design, Enhanced Post-Earthquake Serviceability,
Scour Assessment and Restoration, Quality Control/Quality
Assurance in Bridge Engineering.

e Geological Disaster Control Technology
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Secretary Generals
Dr. Jinfeng Wang, Dr. Dar Hao Chen

Contact Email: Geochina.Adm@Gmail.Com
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UNSAT2018 The 7' International Conference on Unsaturat-
ed Soils, 3 - 5 August 2018, Hong Kong, China,
www.unsat2018.org

11th International Conference on Geosynthetics (11ICG), 16
- 20 Sep 2018, Seoul, South Korea, www.11icg-seoul.org
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ARMS10
10th Asian Rock Mechanics Symposium
ISRM Regional Symposium
29 October - 3 November 2018, Singapore
www.arms10.org

On behalf of the Organizing Committee for ARMS 10, it is
my pleasure to invite you to Singapore for the 10th Asian
Rock Mechanics Symposium cum the ISRM International
Symposium for 2018.

The theme for ARMS 10 is “"Rock Mechanics in Infrastructure
and Resource Development”.

Asia is witnessing the greatest growth and demand in the
world for infrastructure and resource development. Accord-
ing to Asian Development Bank, approximately US$8 trillion
needs to be invested in overall national infrastructure before
2020, 68% of which is for new capacity. Certainly, rock me-
chanics and rock engineering will have a critical role to play
in many of these infrastructure and resource development
projects.

Singapore is ideally located in Asia, where the needs for
infrastructure and resource development are well supported
by high-level research from the Academia and govern-
ments. ARMS 10 Singapore 2018 offers an ideal opportunity
and platform for professionals from the international rock
mechanics community to exchange experiences and new
ideas. In addition to the technical programs, we will organ-
ize training courses, workshops, technical visits, exhibitions,
as well social programs. We will also offer attractive pro-
grams for young researchers and students, such as the
Rock Bowl, student nights, and some scholarships for se-
lected young researchers.

Yingxin ZHOU, Conference Chairman
Theme

Rock mechanics in resource and infrastructure development

Topics

e A: Site investigations and rock masscharacterisation
e B: Rock properties and testing

e C: Rock mass classifications

e D: Rock caverns and tunnels

e E: Rock slopes and foundations
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e F: Rock support and ground improvement
: Excavation and extraction methods

H: Hydro-fracturing and borehole stability
e I: Numerical modelling
e J: Design methods and analysis
K
N

: Rock dynamics and seismic design

G
e L: Nuclear power plants and waste disposal
M: Instrumentation and monitoring
: Geohazards and risk management

0O: Innovations and technology advancement

e P: Smart mining and rock engineering (3D printing; GIS
and 3D modelling; 3D scanning & mapping; wireless
sensors, etc)

e Q: Utilisation of rock cavern space
e R: Special rock engineering projects and case studies

e AA: Interdisciplinary
Contact Us

ARMS10 Secretariat at Meeting Matters International
Tel: (65) 6472 3108 | Fax: (65) 6472 3208

Address: 1 Commonwealth Lane, #06-23 ONE COMMON-
WEALTH, Singapore 149544

Email: ARMS10@meetmatt.net
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14th ISRM International Congress
20-27 September 2019, Foz de Iguacgu, Brazil

Contact Person: Prof. Sergio A. B. da Fontoura
E-mail: fontoura@puc-rio.b
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ISDCG 2019
7th International Symposium on
Deformation Characteristics of Geomaterials
26-28 June 2019, Strathclyde, Scotland, UK,

The Technical Committee 101 of the ISSMEG is pleased to
announce the organisation of the 7" International Sympo-
sium on Deformation Characteristics of Geomaterials
(ISDCG) in 2019, in Glasgow, UK. The symposium is co-
organised by the University of Strathclyde in Glasgow, the
University of Bristol, and the Imperial College in London.
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Building on the success of the previous Symposia organised
in Sapporo (Japan) Japan in 1994, Torino (Italy) in 1999,
Lyon (France) in 2003, Atlanta (US) in 2008, Seoul (Korea)
in 2011 and Buenos Aires (Argentina) in 2015, the 7%
ISDCG will equally follow both its traditions and active pro-
motion of new technical elements to maintain it as one of
the most popular and vibrant events within the geotechnical
community. The technical core themes will focus on: (i)
advanced laboratory geotechnical testing; (ii) application of
advanced laboratory testing in research, site characterisa-
tion, and ground modelling; (iii) application of advanced
testing to practical geotechnical engineering. In addition to
these traditional topics, sub-themes will include cutting-
edge techniques and approaches, for example experimental
micro-mechanics, non-invasive monitoring systems, nano
and micro-sensors, new sensing technologies. A key goal is
to engage with the full spectrum of geotechnical specialists,
from early career engineers and researchers through to
world leading experts.

o3 D

The 17th European Conference on
Soil Mechanics and Geotechnical Engineering
15t - 6" September 2019, Reykjavik Iceland
www.ecsmge-2019.com

The theme of the conference embraces all aspects of geo-
technical engineering. Geotechnical engineering is the
foundation of current as well as future societies, which both
rely on complex civil engineering infrastructures, and call
for mitigation of potential geodangers posing threat to
these. Geotechnical means and solutions are required to
ensure infrastructure safety and sustainable development.
Those means are rooted in past experiences enhanced by
research and technology of today.

At great events such as the European Geotechnical Confe-
rence we should: Spread our knowledge and experience to
our colleagues; Introduce innovations, research and devel-
opment of techniques and equipment; Report on successful
geotechnical constructions and application of geotechnical
design methods, as well as, on mitigation and assessment
of geohazards and more.

Such events also provide an opportunity to draw the atten-
tion of others outside the field of geotechnical engineering
to the importance of what we are doing, particularly to
those who, directly or indirectly, rely on our services, know-
ledge and experience. Investment in quality geotechnical
work is required for successful and safe design, construction
and operation of any infrastructure. Geotechnical engineer-
ing is the key to a safe and sustainable infrastructure and of
importance for the society, economy and the environment.
This must be emphasized and reported upon.
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Huge sinkhole swallows street in Fukuoka, Japan

A giant sinkhole swallowed a five-lane street in the
centre of one of Japan's biggest cities on Tuesday
morning.

The collapse began at around 05:00 local time (20:00 GMT
Monday) near Hakata Station, the busiest in Fukuoka city in
the southern island of Kyushu.

It began with two smaller holes that grew steadily until they
formed one huge depression around 30m (98ft) wide.

There were no reports of serious injuries but it disrupted
power, water, gas and transport links in the area.

Broadcaster NHK reported that an elderly lady slipped on
some stairs because of the power cut.

Engineering work to extend a nearby underground train line
may be related to the sinkhole's sudden appearance, city
officials said.

(BBC NEWS, 8 November 2016,
http://www.bbc.com/news/world-asia-37906065)
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Giant sinkhole in Japan repaired in matter of
days

Huge sinkhole repaired in under a week

In the end, it disappeared almost as quickly as it had ap-
peared.

A giant sinkhole which swallowed a chunk of road the length
of a city block in the southwestern Japanese city of Fukuoka
has been filled mere days after it appeared, a testament to
Japanese engineering and efficiency.

Before

After

After the sinkhole appeared on November 8, subcontractors
worked around the clock to fill in the 30 meter (98 ft) wide,
15 meter (50 ft) deep hole by the 12th with a mixture of
sand and cement. The job was complicated by the water
which had seeped in from sewage pipes destroyed by col-
lapsing sections of road.

A giant sinkhole has opened up in Fukuoka, Japan, swallow-
ing huge sections of road including traffic lights, near to
underground work to extend a subway tunnel. Will Barker
was close to Hakata Station and captured this image, show-
ing emergency vehicles blocking access to the road. He told
CNN: The hole was interesting, so I went to investigate.
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After that it only took another 48 hours to reinstall all utili-
ties -- electricity, water, sewage, gas and telecommunica-
tion lines -- and to resurface the road. There were no re-
ports of injuries.

The gigantic sinkhole opened suddenly last week in Hakata
ward in Fukuoka's business district, swallowing huge sec-
tions of road near underground work to extend a subway
tunnel.

City officials were working nearby to extend the subway
from a nearby station to the city center along a 1.4-
kilometer (0.86 mile) route.

Motohisa Oda, a crisis management officer from the city of
Fukuoka, told CNN that the underground construction work
may have triggered the collapse.

The gaping hole -- which started off as two smaller ones
before merging into the larger cavity -- appeared 300 me-
ters from the JR Hakata station, one of the city's main
transport hubs.

The mayor of Fukuoka, Soichiro Takashima, said the af-
fected ground had been strengthened by a factor of 30 be-
cause of the sand and cement refill.

Previously comprised largely of sand, the soil's composition
was suspected to be a part of the cause for the huge hole,
according to local civil engineering experts.

(McKirdy and Yoko Wakatsuki / CNN, November 15,
2016, http://edition.cnn.com/2016/11/15/asia/fukuoka-
sinkhole-filled)

Japan's giant sinkhole is sinking again

A giant sinkhole that was hastily repaired in Japan earlier
this month is showing signs of movement.

Traffic was stopped at the busy intersection in Japanese city
of Fukuoka on the weekend after the road was seen to sink
some seven centimeters (2.7 inches).

Earlier this month, a 30 meter (98 feet) wide, 15 meter (50
feet) deep hole suddenly opened, swallowing five lanes of
road and flooding with water.

It was repaired in a matter of days in what was seen as a
testament to Japanese engineering and efficiency.

Some doubt was raised over those plaudits Saturday how-
ever, when traffic had to be stopped around the hole as a
section of road began sinking again. The road has since
been re-opened.

On Facebook, Fukuoka mayor Soichiro Takashima apolo-
gized for not warning residents the ground could sink again.

City officials told CNN some movement had been expected
as the sand and cement used to fill the hole settle.

(James Griffiths and Yoko Wakatsuki / CNN, November 28,
2016, http://edition.cnn.com/2016/11/28/asia/japan-
sinkhole-fukuoka/index.html)
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TA NEA THZ EEEEI'M - Ap. 96 - NOEMBPIOZ 2016

Tunnelling: Big projects get bigger

TBM assembly in the test tunnel of the French Frejus project
between Lyon and Turin

Europe set the tunnelling pace this summer as first high
speed trains ran through the 57km long AlpTransit Gotthard
base tunnel, in Switzerland, the world’s longest transport
tunnel, and the deepest at 2,200m.

The tunnel has taken 20 years of planning and construction.

But this is not the last word. An even longer link is well un-
derway from Austria’s Tyrol to Italy, and significant works
continue on the French Frejus project between Lyon and
Turin, 57km long like the Gotthard.

Gotthard’s AlpTransit client, meanwhile, is completing work
on a shorter but significant 16km long complement at Cene-
ri further south, and two other long and deep rail tunnels
are in construction in Austria.

Another has just begun in Norway, which is also building
the world’s deepest undersea road tunnel. Sweden has be-
gun its giant city bypass project for Stockholm. Germany’s
complex multi-tunnel Stuttgart 21 project is in full swing,
and Italy is beginning work with the biggest TBM (tunnel
boring machine) seen in Europe.

The €8.5 billion Brenner base tunnel will be a record too
when complete in 2025.

Its basic length is 55km between main portals at Fortezza in
Italy and Innsbruck in Austria, but a connection into the
9km Innsbruck bypass tunnel means a total 64km of under-
ground travel for some high-speed trains.

The depth will be 1,800m beneath giant mountains, and the
challenges for excavation and operation include hot rock
conditions near to those on the Swiss project, and possible
bursting or squeezing ground.

Access tunnels are complete or in construction, including a
new service and safety tunnel alongside the existing twin
track Innsbruck bypass, as well as smaller tunnels for waste
disposal.

Exploration

Five main project sites are busy, at the two portals and
three intermediate lateral access tunnels, to twin single
bore main drives. These are 8.1m inner diameter, and be-
tween 40m and 70m apart. A smaller 5m diameter tunnel
runs between and below the main drives, for exploration
initially, and then drainage and access in the operational
period.
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Big challenges have included crossing a severely crushed
zone of rock in the Italian half of the project — a 1.5km sec-
tor that could have stalled the whole scheme now success-
fully excavated with drill and blast (D&B), both for the ex-
ploratory tunnel and the main drives.

Current €380 million works at Innsbruck will also drive a
15km long extension to the initial 6km exploratory tunnel
southwards, using a Herrenknecht hard rock TBM. Its un-
shielded front section allows detailed inspection of rock con-
ditions to inform main drives later.

But this summer, the big contracts for the main drives were
being let, said Brenner Base Tunnel spokesman Simon
Lochmann.

“On the Austrian side, the Wolf access is essentially finished
and we are ready to tender the Austrian main section from
there, with 9km of the exploratory north and south, and
then the main bores too. It is an estimated €1.3 billion,” he
said.

On the Italian side, one of the biggest contracts has just
been let to a five-firm consortium including Astaldi, Ghella,
Oberosler Cav Pietro, Cogeis and PAC, a €1 billion package
for 15km of exploratory tunnel and 40.3km of main tunnel,
as well as an emergency station cavern.

Work has also begun on complex portal works at the south
end, including ground freezing to take the tunnel under-
neath a river.

For the €8.8 billion French-Italian Frejus project between
Turin and Lyon, most of the exploratory and access tunnels
are finished, and a first main bore is underway on the
French side. The inner diameter will be slightly larger than
Gotthard and Brenner, giving clearance for lorry shuttle
trains.

This first 9km long section is intended first as an experi-
mental bore through possibly squeezing ground, testing
TBM performance, but will later be part of the route.

Specially designed

Contractor Spie Batignolles is using a specially designed
high-powered TBM from French maker NFM with capacity to
“overcut” up to 11.26m diameter to allow for ground con-
vergence. Christened Federika, it arrived in the summer and
has begun its drive.

The AlpTransit project, meanwhile, continues with the
15.4km long twin bore at Ceneri which will take a further
ten minutes from the Zurich to Milan route. Drill and blast
with Sandvik rigs and a Rowa backing train finished in Jan-
uary when the two difficult 8km northern drives broke
through. Two southern drives finished last year.

“Lining is almost complete,” said AlpTransit project manager
Paolo Vicentini, with the tunnels readied for track and elec-
trical work. Satisfaction has been marred somewhat by a
tragic fatality, he said, when a tunnel miner was hit by a
reversing spoil truck.

In Austria, meanwhile, two more major deep tunnels are
underway. One is the 32.9km Koralm for a completely new
high-speed rail link between Klagenfeldt and Graz.

The twin bore tunnel runs up to 1,250m below the 2,000m
high Koralpe mountains, causing some rock convergence.
Though the “hot rock” problem of the bigger tunnels is
present, it is less extreme.

Contractor Strabag has struggled with two 17km-plus long
drives on the overall 19km central section through difficult
hard, tough and blocky rock, using two 9.9m diameter
CREG-Wirth TBMs (formerly Aker-Wirth).

Progress has been steady since they set out in mid-2012,
but slower than expected. The 9.7m diameter machines
install a segment lining.

The TBMs have currently reached a point 19km from the
tunnel portal, said the project director for the overall Ko-
ralm project, Klaus Schneider, from client Austrian Rail’s
infrastructure division OBB-Infrastruktur. That leaves just
under 2km to go on each drive.

Drill and blast work is also underway on a 900m long safety
station between the two parallel TBM drives.

On Koralm’s west side, Austria’s Porr has been working
since 2014 on a 12km drive for the south bore with a mul-
timode Herrenknecht TBM. The other bore was part exca-
vated to over 6km early on for exploration, and is being
completed by drill and blast.

Porr has done 3km with the TBM, which shortly has to be
converted from soft ground EPB operation to the hard rock
further in. The D&B bore is at the 9km point so far.

Despite slow progress, both the tunnel and the overall rail-
way scheme remain within the overall completion envelope,
said Schneider.

Not content with two deep tunnels, Austria embarked on the
27km long Semmering project in 2014, 800m deep and
straight underneath the historic 1854 Semmering mountain
railway between Graz and Vienna - a scenic but difficult
sinuous line. Geology here is heterogeneous with multiple
faulting and water saturated rocks.

Conventional drive

Three major contracts are using conventional methods to
get through, though a TBM can be used for a central 9km
section, the Frdschnitzgraben. For this, access has to be
gained via two completed 400m deep shafts, begun in 2014
by a joint venture of Implenia and Svedelski, which is now
working on the TBM launch cavern. The joint venture will
also do 4.4km of conventional drive for the twin tunnels in
the other direction.

A 7km length from the Gloggnitz portal is underway by a
joint venture of Implenia, Hochtief Infrastructure and Thys-
sen Schachtbau, using mainly drill and blast and currently
about 900m in.

A final section, also a 7km conventional drive, is by Swiss
joint venture Marti with Marti Tunnelbau, and began in May
this year.

Norway has also embarked on a high speed line, the 22km
long Follo line project, with twin bores running 20km south
from Oslo to Ski, through a low mountain. It is not a deep
line, at less than 100m depth.

Four Herrenknecht 9.9m diameter TBMs were assembled
this summer in two linked 54m long caverns at a central
access halfway along the main 18.5km tunnel section.

The Spanish-Italian joint venture of Acciona Infraestructu-
ras and Ghella worked with lift contractor Mammoet to put
together the huge components. The two pairs of TBMs were
setting out north and south this autumn for approximately
three years of excavation.

An additional 1.5km section continues the tunnel near to
Oslo. Italian contractor Condotte D’Acqua is using drill and
blast thread through a complicated spaghetti of existing
tunnels. It is also using rock splitting to avoid vibration
close to existing road and water routes, using hydraulic
Superwedges from Italian maker Ripamonti.
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Norway usually favours drill and blast, but two more TBMs
have also been working lately. First is another Herrenknecht
on a railway project into west coast city Bergen, where a
second bore will relieve congestion on the existing single
track Ulriken tunnel. Sweden’s Skanska and Austria’s Stra-
bag are about halfway along the 7.5km drive at present.

The client side project manager for the scheme, Hans-Egil
Larsen from Norway’s National Railway Administration, said
a TBM was better because the new bore was only 30m from
the old line which must continue running. Drill and blast
vibration would have been disruptive.

Hydroelectric

Further north, a 7.2m diameter Robbins main beam ma-
chine broke through last December for the 7.4km long
headrace tunnel on the Rgssaga hydroelectric project.

Its nearly two-year drive had involved “boring through
quartz-rich rock up to 300MPa, as well as softer karstic li-
mestone with water ingress,” according to Tobias Anders-
son, TBM manager for contractor Leonhard Nilsen & Sgnner.

Norway’s traditional drill and blast is being applied further
south in oil port Stavanger. The NOK6 billion (€700 million)
Ryfast scheme is a three twin-tube tunnel project to con-
nect western suburbs across a surrounding deep fjord.

Two tunnels are 4km and 5.5km, but the main Solbakk tun-
nel will be 14.3km long, diving 290m deep. Cross section is
small, however, at 8.5m width after lining, with two 3.25m
traffic lanes in each bore.

Work is in two halves with Swiss firm Marti beginning the
eastern side in August 2013 using a Marti Technik conveyor
system and Sandvik drill rigs, and FA Gruppen using an
Atlas Copco drill at the other with more traditional truck
mucking out.

Two main types of rock are present, hard gneiss on the
eastern side, and a softer phyllite claystone on the west.

Project director for the overall scheme Gunnar Eiterjord,
from client Statens Vegvesen (the Norwegian Public Roads
Administration), said that currently around 12km of the
14km had been excavated and that progress was good.

Bigger and deeper

An even bigger and deeper project is in final design prepa-
ration, however, as part of Norway’s no-ferries E39 west
coast highway scheme. The Rogfast, running north out of
Stavanger, will be 25km long and 380m deep below the
sea.

Next door, Sweden is busy too with initial works begun on
the massive Stockholm bypass this spring, blasting access
and works tunnels and caverns.

The ten-year project is for a full dual three-lane highway
running nearly 20km in twin tunnels around the western
side of the city to alleviate severe congestion. The city is set
within an area of Baltic islands and inland lakes which, while
scenic, leaves it with only three connections north to south.

To bypass the capital, the new motorway must go up to
70m underground below royal parkland and nature reserves
on islands to the west.

Major junctions will also be partly underground, using an
additional 14km of ramp tunnel, and there is further work
for seven access tunnels. The client, the Swedish Road Au-
thority, is letting six major tunnel contracts at present, each
around €300 million, and six for junctions to start shortly.

Early work for access is under several smaller €50 million
range contracts, including with Czech contractor Subterra at
the southern end.

Germany, meanwhile, is pressing on with the multiple tun-
nels of its €5.8 billion Stuttgart 21 underground station
project and the associated Stuttgart-Ulm high-speed rail
scheme with four major tunnels.

The first of four TBM sections are complete for the 9.5km
long Filder tunnel, Stuttgart 21’s most difficult.

The 4km drive towards the city from the airport finished
earlier this year just before entering a region of expansive
anhydrite rock. The calcium sulphate expands strongly if it
is saturated with water, and NATM (new Austrian tunnelling
method) with modified drill and blast and special measures
are being used to prevent water ingress.

The TBM, meanwhile, has been pulled back by contractor
Porr, leading a consortium on the work, and is just under
halfway along the second bore’s first drive.

The central NATM section must be complete by the time it
gets there because the TBM will be pulled through the
2.5km length to continue the bore on the far side of the
sensitive rock area with a further 3.6km drive. Then it turns
around to go back uphill for the last section of the first bore.

Around Stuttgart station, major soft ground NATM caverns
have been completed for work on the lines into the station.
From these extensive compensation grouting will be done.

Dry work is also needed on another of the surrounding tun-
nels, the Feuerbach which also has anhydrite, according to
drill maker Sandvik. Working with drilling subcontractor
Avesco, it has specially modified drills, refitted with air cool-
ing for the hydraulics and air flushing for the boreholes with
additional dust filters.

Avesco has also done substantial work for main contractors
Zublin and Max Boégl on one of the major tunnels for the
€3.3 billion high-speed line connection to Ulm from Stutt-
gart suburb Wendlingen. Some nine Sandvik machines have
worked on the 5.3km long Albabstieg tunnel into Ulm from
the Schwabishche Alps highlands.

Austria’s Porr, leading the same team as at Filder, is well
advanced on the two tunnels which climb the highland - the
8.8km long Bossler, and the 4.8km Steinbihl.

The Steinblhl, excavated by drill and blast, has almost
completed lining work for the bores. Bossler is finished for
the first of two bores where some 7km has been done by a
Herrenkencht EPB (earth pressure balance) machine, 3km
more than originally supposed. Squeezing ground conditions
have not been as difficult as expected and drill and blast
was not needed.

Work has just begun by contractor Implenia on the last of
the major tunnels, the 8.2km Albvorland tunnel through
softer ground closer to Wendlingen before the Schwabische
Alp section, according to a spokesman for client Deutsche
Bahn.

Two TBMs will drive simultaneously to ensure relatively fast
completion as this tunnel is on the critical path.

Finally, Herrenknecht is readying Europe’s biggest TBM ever
for the 7.52km long Santa Lucia road tunnel near to Flo-
rence in Italy.

The contractor is Pavimental. At a diameter of 15.87m, the
EPB machine is 200mm bigger than Herrenknecht’s previous
largest, used in the Italian Apennines, on the now complete
Sparvo tunnel.
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(Adrian Greeman / CONSTRUCTION europe, 23 Nov 2016,
http://www.khl.com/magazines/construction-
europe/detail/item123226/Tunnelling:Big-projects-get-

bigger)

o3 D

Peru hotel collapses into river in dramatic
caught on camera video

https://www.youtube.com/watch?v=Phv5bwslgzY
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Néa dedopéva yia To TOOUVAMI ThG ZavTopivng
01 PACEIC TNE EKPNENG KOl 0 XNPATIoPOC TG Laviopivg
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MA€ovTag npog To AIdvi Tng ZavTopivng and Tn BopeloduTi-
Kl NA&upd Tou vnoloU, To nAoio nepvasl avapeoa and To
QUOIKO avolypa PeTa&l Tng Onpaciag kar Tng Oiag, o €va
onueio nou 6Aol €ouv OTOV Vou To povadikd nAloBaciepa.
H avakdAuwn evog unoBaAdcoiou kavaAiol OE E€KEIVO TO
avolypa anod Tnv enikoupn kadnynTpia FewAoyikng Qkeavoy-
pagiag Tou EBvikoU kal KanodioTpiakoU MavenioTnuiou ABn-
vov MNapaokeury NopikoU kal Tn diebvr ouada Tng ATav n
apxn via va £€pbouv oTo PWG VEa €nioTnUOVIKA dedopéva yia
TNV €kpn&n Tou Nn@aioTeiou TNG Zavropivng npiv ano 3.600
XpoOvia kal Tn dnuioupyia Tou TEPACTIOU TOOUVAWI MOU Cnua-
VE TNV apxn Tou TEAoug TNG MIvwIkng Enoxng.

SUPQWVA JE TA VEA OTOIXEIA, TO TOOUVAMI NMPOKANRBNKE ano
TNV 10XUPOTATN €KTIVAEN TWV MUPOKAACTIK®V powv (TEQPA,
ehapponeTpa, AdBa) npog Tn 6dAacca kai O6x1 and Tnv ka-
TApPEUCON Kal kaTaBuBion TnG KaAvTEpaAg, n onoia akoAouln-
o€ TNG €kpnEnG, Onwg unooTnpifouv ol ENICTAPOVEG OTO Ap-
Bpo TOug pe TiTAO <«Post-eruptive flooding of Santorini
caldera and implications for tsunami generation» («MeTa-
NQAIoTEIAKOG KATAKAUGHOG TNG KAAVTEPAG TNG SavTopivng
kal evOei&eIg yia Tn dnuioupyia TGoUVAUI») Nou dnHoCIEUON-
KE MOAIC XBeG OTO £YKPITO €MIOTNUOVIKO nePIodikd «Nature
Communication».

Me aAAa Aoyia, aAAddel n enikpaTouoa Bewpia nNou €AEye OTI
N KAaTappeuon €vOC NPAIOTEIAKOU OUYKPOTAMATOC WMOpEi va
npokaAéael Ta NaAlppoika kKUpaTa nou odnyoUV CE TOOUVAWI.
«Ta BABUUETPIKA KAl OEIOHIKA OEDOMUEVA NMOU OUYKEVTPWOAWE
€dei€av OTI n KAAVTEpPA, N KATAPPEUGCN TOU NQPAIOTEIAKOU
OUYKPOTAKATOG TNG ZavTtopivng, dev ATAV avoixXTh npog Tn
8alacoa oTnv KUpla ¢Aacn TnG €KpnENg aAAd anopovwpévn»,
Agel otnv «K» n K. NopikoU.

STo ypagnua nou dnuooislsl n «K» qaivovral npwtn gpopa
Ta Téooepa oTAdIa TNG NQAIOTEIAKAG dpaocTnpeiOTNTAG Mou
KPATNOE APKETOUG MAVEC Kal TO NG ATAV OXNUATIONEVA N
KaAvTEépa TNG ZavTopivng KaTd Tn dIApKela TNG. TNV Np®TN
@aon undpxel €va PIKPO KavaAl rnou OUVOEEl TN HIKPH Ot
MEyeBog kaAvTépa pe Tn 6dAacoa kal dnuioupyei €va €idog
ApvoBalaooag, onwe €Enyei n K. NopikoU. O1 unoBaAacaieg
KATOAIOONOEIG KAl TA NPOiovVTa TNG NPAICTEIAKNG dpaAaTnpIO-
TATAC «pnalwoav» To PIKPO KavaAl kal ndvw anoé To vnoi
anAwBnke &va TePAOTIO VEQOG TEPPAG, ONwG &yive To 2010
ME TNV €kpn&n Tou neaioteiou TnG IoAavdiac.

Me TNV KaAvTEpa anopovwuevn and Tn 8aAlacoa, n oAoKAR-
PWON TNG NPAICTEIAKNG €KPNENG NpokaAeoe, €Enyei n k. No-
MIKOU, TNV eiopor] 8aAacoivol vepoU anod To KavaAl PeTagu
TnG ©npaciag kal Tng Oiag oTnv KaAvTépa, n onoia NANUUU-
pios péoa oc dU0 HEPEG.

«ZKEPTEITE TNV €IkOVA €vOC PPAYHATOC nMou and Tn Wia Tou
NAEUPA €Xel VEPO Kal and Tnv AAAn éva BuUBIopa, pia “nedid-
da”, Tnv kaAvtepa. To pnalwuevo epayua Atav o “adlvapog
KPikog” nmou unoxwpnoe Npog To TEAOG TNG £kpnENG and Tnv
nieon Tou €5WTEPIKOU vEPOU. To TOOUVAMI €iXE NON OUMPEi e
KUPIO PNXaviopo dnuioupyiag TNV ekTivagn Twv NUpPoKAAcoTI-
KOV npog Tn BdAacoa otnv TpiTn Kai TETAPTN GACN TNG €K-
pNENG», Tovilel.

To kavaAl nou evtonioe n K. NopikoU kal n ouada Tng, n
onoia anoTeAgiTal and kaTa§iwUEVOUG ENICTHHOVEG NAVENIO-
TAMIWV Tou €EWTEPIKOU, EXElI MNKOG 3 XAM. Kal NAAGTOG 1 XAW.
Kal OTIG €IKOVEG nou dnupooielel n «K» diakpiveTal pia acu-
vnBioTn d1aBpwan Nou YEVVNOE EPWTANATA OTOUG EMICTAMO-
veG. «[Mapatnpnoape pia onioBodpopoloa diaBpwon aTo
Kaval, ival To oxnUa TNG oTePAavng nou dnuioupyeiTal €Ew
and Tnv Oia kar Tn Onpacia kai deixvel 0TI TO VEPO €IOPEEI
NPo¢ To €0WTEPIKO Kal nmapaAAnAa “onpwxvel” kal npoc Ta
nicw. Xaproypagwvrag Tov BaAdcaoio nubpeva, npoonabol-
OauE va €puUNVeUOOUPE NWC dnuIoUpynONKav auTeC ol uno-
BaAdooieg yewHopPEG Kal KaTAAn&ape oTa napanavw OUp-
nepaopaTa», GNUEIWVEL.

Ta véa dedopéva yia To TOOUVAMI TNG ZavTopivng evioxuouv
(ka1 oupewvouv pE) Tn Bewpia yia TIG YEVETIOUPYOUG aITieg
niow and To TOOUVAMI MoU MPOKARBNKE anod Tnv €kpnén Tou
noaioTteiou Kpakatéa otnv Ivdovnoia To 1883. O1 ekpri&eig
Twv dU0 nNeaioTeiwV ival ol YEYAAUTEPEG NMOU £XOUV GUVTE-
AeoTei Ta TeAeuTaia 10.000 xpovia.

H TeheuTaia anooToAn TnG opdadag oTn ZavTopivn €yIVE PE TN
BonBeia Tou History Channel yia Tnv napaywyrn ToOUu VTOKI-
HavTép «Atlantis found» To 2015. H puBikry ATAavTida pno-
pei va pn Bpednke akdun, aAAd iowg Twpa EEPOUHE MWC
NPOKANBNKE TO TOOUVAMI NOU TNV KATEOTPEWE.

«HOgAa va dw 11 KpUBelI n 6aAacoa>

«ZulnTouoape navw ota dedopéva nepinou €va xXpovo Kal
TEAIKA Kal EKEIVOI CUPPVNOAV KE Ta vEa OTOIXEIa TNG €peu-
vag», Aéel n k. NodikoU NepIypapovTag Tnv apioTn CUVEPYd-
oia pe Toug dUo Kopupaioug yewAoyoug Tiy NTpoUiT and To
IVOTITOUTO gpeuvv TnG FaAAiag CNRS kai NTEIBIvT MAiA Tou
MaveniotrApiou TnG OEPopdng, ol onoiol dnuiolpynoav Tov
YEWAOYIKO XApTn TnG ZavTopivng To 1990 kal unoaTnpilav —
MEXPI XBeg— TNV uPIoTapevn Bewpia, 6TI dnAadn n kataBuBI-
on TNG KAAVTEPAG ATAV 0 KUPIOTEPOG NApAyovTag NpokANongG
Tou Toouvaul. O1 dUo kabnynTeg, onwg kar o Kpiotiav Xoup-
noep and To MavenioThpio Tou ApBoUpyou, aAAa kai 15 EA-
ANVEG Kal EEvol nIOTANOVEG, ouvunoypdagouv To apbpo. «H
enikpaTouoa Bewpia diaTunwlnke Tn dekaetia Tou 1980 kai
Me Ta péoa nou diEBeTav TOTE TO OUMNEPAOMA Toug ATav
owoTd. H Texvoloyia, dpwg, npoxwpnos Kal Ke Ta véa opya-
va nou XpnoIHOMoINCAape MNPOXWPNOAUE TNV EMNICTNHOVIKN
£€peuva €va BAPa Napanavw», ONUEI®VElI N €NIKEPAANG TNG
opadac. Ta vea oToixeia ekTINATal 0T 6a cupBaiouv Kai iowg
aAAG€ouv Ta PoVTEAQ Mou XpnaiygonololV ol ENICTAROVEG MoU
e€eTalouv Tn Onuioupyia Twv Toouvdpl. «OAol BéAape va
doUpE NWC ATAv To oXAMA TNG =avTopivng npiv ano Tn Peya-
An €kpn&n kar Nnwg NTav n goppoloyia Tou €ddgoug. O1 xap-
TEG Mou eixape NTav pe dedopéva povo and Tnv Enpa. Otav
NPoaTEBNKE N HopgoAoyia Tou nNubPéEva Kal Ta OEIOHIKA Oe-
dopéva, nMou pag enerpewav va “doUpe” Tn oTpwlaToypagia
KATw anod Tov nubpéva, KaTapEPape va ouvduacoupe Ta duo
OTOIXEIO KAl VA anoKTAGOUWE GUVOAIKN EIKOVa», ToVilel.

H Mapaokeun NopikoU yevvhROnke kal HEYAAWOE OTO vNai Kal
Bupdral Tig dinynoeIg Twv Nannoudwv TNG yia TIG NPAIoTEId-
KEG ekpnEeig Tou ‘50 kal Tou '39. «MeydAwoa og £va neaio-
Telo Kal 6Tav onoudaca rnbeAa va pabw nepioogdTepa yia OAa
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auTd nou kpURel n Zavtopivn katw and Tn 6alacca», uag
Aéel. H épeuva Eekivnoe To 2006 kal OUVEXIOTNKE MIO0 EvVTaTI-
K@ ano 1o 2010 pe T BonBeia TG véag TEXvoAoyiag Kal ou-
VEPYATWV ano To eEwTePIKO. «H €peuva ouvexileTal kal Twpa
B8eAloupe va kavoupe avaiuon 1IKNUATwV evTdg TNG KAAVTEPAG
Kal va JoUME HEXPI NMOU €5aNAWVOVTAl O MUPOKAACTIKEG PO-
€G, va YiVEl Nio gunepIoTATWUEVN £€peuva yUpw and 1o nepa-
ioTelo TNg ZavTopivng», kataAnyel. MNa éogoug avnouyolv, To
NQPAioTEIO «KOIPATAI»...

H akpn Tou vnoioU katd Tnv ékpn&n

3Tn peyaAn Tng akpn BpiokoTtav n Onpa, cUpewva PE Ta
apxalohoyika dedopéva, 0Tav onueIwOnKe n PeyaAn £kpnén
NG Yotepng Enoxng Tou XaAkoU. H moAn Tou AkpwTnpiou
NTAV AoTIKO KEVTPO KAl KOGHOMOAITIKO €UMOPIKO Alyavi, ano
Ta nio onuavTika Tng AvaTtoAikng Megoyeiou, o NANBUOHOG
TnG O1€6eTE OAa TA XAPAKTNPIOTIKA Wiag nAouadiag, katava-
AWTIKAG Kolvwviag. Eival noAAd Ta oToixeia nou paptupolv
TN MEYAAN Tou avanTu&n.

O apxaloAoyog TnG =avTtopivng Xpiotog NToUuag €xel ypawel
OXETIKA PE TNV €kpNEN: «TnG eKpNEEWG PaiveTal OTI Nponyn-
Onkav oeIouIKEG DOVATEIG, and TIG onoieg npokAndnkav Znui-
€¢ oTa kTipia. ETol pnopoulv va epunveuBolv Ta gpeginia nou
dnuioupynénkav npiv anod Tnv evandbson Twv NPAICTEIAKDOV
UAIKwV. H avunap€ia okeAeTov avOponivoyv f (WIKOV KATW
anod Ta €peEiNia auTa WNOPEl va epunveudsi wg £voesiEn OTI
TWV CEIOPH®V Nponyndnkav HIKPodOVHOEIG NMou €dwoav To
MAVUMA 0TOUG KATOIKOUG TNG NOANG VA TNV EKKEVWOOUV.

«Toug ogIopoUG auToug akoAouBnas nepiodog npepiag, apke-
TNG yia va evBappuvBouUv o1 KATOIKOI TNG NOANG va €nOTPE-
WouV Kal va apxioouv egpyacieg kaTeda@Iiong ETOIHOPPONWYV
KTIpiwv kal kaBapiopol Twv Spdpwv. =Tn JIAPKEId TWV EP-
Yaoiwv autwv, Qaiveral nwg apxios n diadikacia Tng €kpn-
ENG. Ano Tn oTPpWHATOYPAIa TWV NPAIOTEIAKWV UAIK®OV Nou
KaAuwav oAOKAnpo To vnoi, mpokUnTel OTI n €kpnén Tou
neaioTeiou ekdINA®WOBNKeE We gelpd NApoEUCHWV dIAPOPETIKNG
kaBe @opd 1oxUog. EkkAnon aspiwv, atyidwv kai kanvou
@aiveral oTI nponyndnke €130MOIMVTAG £TCI TOUG EUMEIPOUG
KaTOIKOUG Tou vNnoloU yia TO KakO nou €UeAAE va akoAouBn)-
oel. AuToi JE Tn OEIpd Toug €oneuaav yia deUTepn Popa va
gykataAsiwouv TNV MNOAN kal va punv 6a@touv peoa o’ au-
TAV>.

E€alpeTikG evdia@épovTa €ival kal Ta oToIXeia mnou &yxouv
€pBel 0TO QWG YIa TNV €EANAWON TNG NQPAIOTEIAKAG TEPPAG.
Epeuveg nou €xouv yivel Tooo atov BuBoO Tng Meooyeiou 600
Kdl O apXaloAOYIKEC avaokagpeg €xouv Jei&el OTI n TEPpQA
napacUpBnkKe NPoG Ta avaTtoAika, KAAUATOVTAG TNV MEPIOXN
ano Tn Zpupvn €wg TNV AvaTtoAikn KpnTn, HME OCUYKEVTPWON
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peyaAUTepn otnv nepioxn Tng Podou. Mopia BnpdikAg TER-
pPAG €VTONIOTNKAV €PYACTNPIAKA OTIC AKTEG TNG AvATOAIKNG
Meooyeiou kal atnv nepioxn Tou AéAta Tou Neilou.

(Zakng Iwavvidng / H KAGHMEPINH, 09.11.2016,
http://www.kathimerini.gr/882733/article/epikairothta/ellad
a/nea-dedomena-gia-to-tsoynami-ths-santorinhs)
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H kaAdépa Ouparai
To XPOVIKO TNG KATACTPOPNG ano Tnv ékpnin TnG Onpag

H onuepiviy ZavTopivn ival O,TI anéueive anod €va peyaAuTe-
PO VNOi META TNV KaTdppeuon TNG KaAdEPAg Tou ngaiaTeiou
(Mnyn: Steve Jurvetson / CC BY-SA 2.0)

To KAaTaoTPOPIKOG TOOUVAMI MOU CAPWOE TO NPOicTOPIKO Alya-
i0 HETA TNV KATAKAUCUIKN €kpnEn Tou NQPAIOTEIOU TNG ZaAVTOo-
pivng dev NPokANBNKE anod TNV TAuTOXPOVN KATAPPEUCN TWV
TOIXWHATWV TNG KAAJEPAG, ONWG NICTEUAV €WG TWPA Ol €MIC-
TAMOVEG, aAAG anod TNV TEPACTIA MOOOTNTA MUPOKAACTIKWV
NPAIOTEIAKWV UAIKQV MOU €necav anoToua péoa ortn 8alaoc-
oa.

AuTO npokunTel and pia véa €peuva EAAANVwV Kal aAAwv
€NOTNUOVWY, NMou dnuocielBnke oTnv eniBewpnon «Nature
Communications», pye enikepaAng tnv Mapaokeur; NopikoU,
enikoupn kabnyntpia Quaoikng Mewypagiag kal MewAoyYIKAG
Qkeavoypa®iag Tou TuRnuaTtog MewAoyiag kai ewnepiBai-
AovTog Tou MavenioTnuiou ABNVWV.

Ta oToixeia

O1 gnioTnuoveg napouaialouv véa BABUUETPIKA KAl OEIOWIKA
oToIxeia, Ta onoia anodsikvUouv OTI N kKaAdspa dev nATav
avoixTn npog Tn 8alacoa katda Tn diapKeia TnG KUpPIAg paong
NG €KkpN&NG, aAAd nNAnuuUpPIcE PE VEPO, APOTOU N €KPNnén
€iX€ MIa OAOKANPWOEI.
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H péxp! onpepa kupiapxn Bewpia ATav 6TI KATA TNV NPaAIoTE-
1akn €kpn&n, €€aiTiag TNG onoiag KATEPPEUTE TO NPAICTEIAKO
ouykpoOTnua otn 6aAacoa, dnuioupyndnKe Wia TEpAoTia KaA-
0€pa, He diaoTacelg déka €ni enTa XIAIOPETPWV, KAl AuTh n
KATAPPEUON MPOKAAEDE Toouvaul. H véa Bswpia ap@iopnTei
TIC £WC TWPA EKTIMACEIC YIA TO NWG NPOKANBONKE TO TOOUVAWI.

Nog peyaAwoe kal NANHHUPICE N npoindpxouca KaA-
dépa

O1 npdo@aTeg £peuveg TNG K. NOMIKOU kal TV AAAWV €peU-
vNTWV, Nou €yivav atov BuBo yUpw anod To vnai, Epepav oTo
®w¢ oTa BopeloduTika TNG KaAdEpag éva unoBalaocoio kava-
Al, NAGTOUC €VOG XIANOPETPOU Kal PMAKOUG TPIWV XIAIOUETPWY,
TO onoio ouvedee TNV KaAdEpa pe Tn BAAacoa. AuTd To Ka-
VvaAl, To onoio apxikd eixe kAgiosl and Tnv TEQPA Kal UAIKA
NG €kpn&ng, oTn ouvexela -ONwg €va @pAypa nou ondel-
unoxwpnoe Eapvika kal €Tal n €wg TOTE oXedOV OTEYVRA KaA-
0¢épa yepioe pe Balaooivd vepo, pEoa oe AlyoTepo anod oUo
NUEPEG 1 akOUN Kal g AiYeG WPEG.

'OTav £yIVe N NPaioTeiakn €Kpnén, ocUPPWVA PE TOUG ENIOTA-
HOVEG, unnpxe €AAxIoTo €wG KABOAOU VEPO HEGA OTNV KAA-
d€pa, n onoia ATav anopovwuévn anod Tn yUpw OdAacoa.
Mpo TnG €kpn&ng, oTo BOPEIO TUAKA TOU NPAIoTEIAKOU nedio-
U, N ZavTtopivn di1€BeTe, NN, Wia pnxn KaAdépa aav Alvo-
B8dAacoa, nou eixe dnuioupynBei and nponyoUpevn €kpnén
npiv ano 18.000 xpovia.

H kaTomiv) yeydAn ékpnén Tou 1610 nX BaBuve kal disupuve
€Keivn TNV apxaioTepn kaAdépa, n onoia TEAIKA NANPPUPIOE
ME vepd, oTav oTn BopeloduTikn neploxn MeTa&l Oiag-
©npaciag, nou €wg TOTE ATAv NAvw anod To eninedo Tng 6a-
Aacoag, avoife €va kavaAl npog Tn 6aAacoa. O1 NICTAPOVEG
unoAoyioav OTI yia va yYivel auto, ektoniobnkav anod Ta €io-
PEOVTA VEPA METPWHATA OYKOU 2 €WC 2,5 KUBIKWV XIANIOMET-
pWV.

AUTO TO ANOTONO NANUUUPIKO CUMBAV, NOU EYIVE PE XPOVIKN
UOTEPNON O OXEON ME TNV KUPIWC €kpnén, oTapdatnoes otav
To vepO PETa oTnV KaAdépa €pBace oTo €ninedo Tng Balao-
oag (kat avaloyo ouvéRn Pe TNV NANWMUPA Mou YEWIOE ME
vepd Tn Malpn ©alacoa npiv nepinou 8.400 xpovia). Aiyo
WETA, Ta vepA TNG BaAacoag avoiEav akoun dUo kavaiia oTta
VOTIOJUTIKA TNG KAAdEpaAg.

'OMWG, eV® auTn n padikn NANUUUPa npokaAeoe kUPATa péoa
otnv idia TNV kKaAdépa, dsv BswpeiTal IKavhn va £XEl NPoka-
Aéoel peydAa kUpaTa €Ew and auTnv. Zuvenwg, Bewpeital
aniBavo va dnuioUpynos TOOUVAMI, MAAIOTA, TOOO WEYAANG
KAipgakag. Ma va €ixe dnuioupynBei ToOouvaul KATA TNV Ka-
TApPEUON TNG KaAdEPag, Ba npénel auTh va ATav ndn yeuaTn
vepO Kal va ouvdeodTav e TNV avoixTr 8aAacca. Kari TETolo,
OHWG, OnWg deiXVeEl N vEa PEAETN, dev OuvEBAIVE TOTE, AAAG
OUVEBN apyoTepa, Kabwc n kKaAdépa NANUUUPICE Kal OUVOE-
Onke pe TN BaAacoa poOvo OTav nia €ixe TEAEIWOEl N €KpnEn
TOU ngaioTeiou.

Ti NnpokAAECE TO TOOUVAMI

AvVTIBETa, oI €peuvnTEG evTonioav oTov BuBO, oTa avoixTd
TWV aKTOV TNG Zavrtopivng, €vanoBeCelG MUPOKAACTIKOV
UAIKOV ndaxoug €wg 60 PETpWV, Ta onoia -kaTtd Tnv €kpnén
TOU n@aioTeiou- ekTIvayxbnkav ypriyopa npog kdbe kareu-
Buvon otn 6dAacoa yUpw anod To vnoi. AUTOG O MWEYAAOG
OYKOG TWV MUPOKAAQOTIK®WV powv (TnG TAgng Twv 30 €wg 80
KUBIKWV XIAIOMETPWV) €KTIMHATAl OTI €KTOMIOE, avTioToIXd,
HEYAAEG MOOOTNTEG VEPOU Kal ATAV 1KAvOG va NPoKaAEéoel To
ToouVaul.

'Onw¢ dNAwoe oTo ABnvaikd kal Makedoviko MpakTopeio
Eidnoswv n k. Nopikou, «ed® Kal Xpovia ol eNIOTHHOVEG HE-
AETOUV TN HOp@OAOYia TOU NQalcTeiou TNG SavTopivng yia va
Bpouv noia TUAMATA Tou KATanovTioTnKav Kdal rnoia €ueivav
aTnVv emipaveia PeTa Tnv €kpnén. H véa peAétn pag deixvel
OTI unnpyxe €va kavdaAl pera&l Oiag kal Onpacidg, To onoio
punalwbnke and Tnv £kpnén kal €rol n kUpla KaAdEpa yKpe-

MIOTNKE XWPIC va MPOKAAECEl TOOUVAMI. STR OUvéxela, oTav
€onace To @PAaypa oto kavall peta&l Oiag-Onpaocidc, €lo-
XWPNOoe To BAAAcoIvVO vepOd oTnV KAAdEPaA TO MOAU pEoa O
dU0 NUEPEG».

«KaTI TETO10, OMWG, dEV NPOKAAETE TO TOOUVAMI. AUTO dnI-
oupynonke, €NeIdn KATA TNV TPITN Kal TNV TETAPTN @Acon Tng
€kpnE&ng ekTivaxbnkav oTov aépa PeyAAeg NnoodTNTEG NPAIC-
TEIQKAG TEQPPAG, MUPOKAAOTIKEG POEC MOU OTN OUVEXEID £10-
XWwpnoav oTov unoBaAacalo Xwpo. AUTEG TEAIKA npokAAsoav
TO TOOUVAWI, TO 0OMnoio ennpeace Tn Bopeia Kprtn kai 6An Tnv
avaToAikr Meogoyelo», npooBbeas n EAAnvida enioTruovag.

Kupata Uwoug, TouAdxioTov, evvéa HETpwV £pBacav oTn
Bopela KpnTn kai mAnppupioav dIaQOopeG NEPIOXEG, OMNWG
OEiXVOUV EUPNUATA O HIVWIKEG apXaloAOYIKEG TomnoBeaieg,
onwg To MNaAaidkaoTpo. AuTh n véa Bewpia €ival oupewvn
ME UNApXOUOEG MEAETEG, Nou anodeikvUouv OTI Ol MUPOKAAO-
TIKEG POEG NTAv, €niong, n kUpia aiTia yia To TOOUVAWI Mou
NPOKANBNKE KaTa Tnv Ioxupn €kpnén Tou ngaioreiou Kpaka-
T0a TnG Ivdovnaiag To 1883.

MARyHa oToug MivwiTeg, aAAd OxI kaTappeuon

H €kpn&n Tou n@aigTteiou Tng Zavropivng Katd Tnv YoTepn
Enoxn Tou XaAkoU ATav pia and TI¢ HEYAAUTEPEG TWV TEAEU-
Taiov 10.000 eTwv oe OAov Tov kOOHO. H €nikpaTeoTepn
EMNIOTAMOVIKN €KTiNNON €ival 0TI n €kpn&n Tou NPAIoTEIOU TNG
Onpag éyive nepinou 1o 1610 nX (ouv/nAnv 15 xpovia).

O Mivwikog MoAImopog otnv KphATn KataoTpaenke noAu ap-
yoTepa, nepi To 1450 nX. Suvenwg, oUpNQwva Pe TV K. No-
HIkoU, n €kpn&n Tou ngaioTeiou kal To enakdAoubo Toouvaul
anoTEAECE PEV €va MANYMA MOU KATEOTNOE MIO EUAAWTO TOV
NOAITIONO TwV MIVWITOV, dAAd 0 TEAEUTAIOG KATEPPEUTE aAno
AAAeG evdoyeveic aiTieg, TOUAAXIOTOV EvVAuIOn alwva apyoTe-
pa.

3TN vEéa PEAETN OUMMETEIXAV, anod eAANVIKAG NAEUPAG, O Ka-
enynTAc AnunTtpng ManavikoAdou kair n Aavan Aapnpidou
Tou TuAuaTtog MewAoyiag Tou MavenioTnuiou ABnvov, Kadbwg,
eniong, sniotApoveg and Tn FaAAia, Tn Bperavia, Tn Feppavi-
a, Tig HMA kai Tnv IoAavdia.

(Newsroom AOA, pe nAnpo@opieg ano AME-MME, 09 Noe
2016, http://news.in.gr/science-
technology/article/?aid=1500113644&ref=newsletter)

O3 D

'Invisibility cloaks' for buildings could protect
them from earthquakes
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Researchers are developing large structures inspired
by 'cloaking' materials for sound and light, which can
offer protection against seismic waves.

Earthquakes travel in waves, much as sound and light do.
Scientists have previously designed materials with internal
structures that interfere with the propagation of sound and
light, and now researchers are working on making bigger
versions of these structures, which could be used to control
the propagation of earthquakes.

Scientists have tried this by digging cylindrical pits at regu-
lar intervals in the soil. This ordered arrangement of bore-
holes scatters incoming destructive surface waves, causing
them to interfere with each other and cancel out.

Wouldn't it be great if we could surround a historic castle or
a nuclear power station with a metamaterial, so that when
the seismic waves come at it they are sent around or di-
verted into the ground.

Professor Richard Craster

However, while the ground within the pattern is protected,
the reflection of incoming waves causes greater destruction
to the surrounding area. In addition, earthquakes produce
very long wavelengths—so long that they could bypass the
borehole shield without ever interacting with it.

Now, mathematicians at Imperial College London, with col-
laborators in France, are trying a different approach: using
trees. Trees act as resonators, which osciallate at certain
frequencies, even at long wavelengths. In the right ar-
rangement, the interaction of resonating trees can redirect
the energy of seismic waves deep into the soil, reducing
damage.

This approach is based on metamaterials, artificial ar-
rangements of resonators with unusual electromagnetic
properties. Metamaterial ‘invisibility cloaks’ have already
been used to make very small objects invisible to the eye
by redirecting light waves. Now, large-scale versions could
be created to emulate the resonance of trees and make
buildings ‘invisible’ to earthquakes.

DIVERTING EARTHQUAKES

Professor Richard Craster, Head of the Department of Ma-
thematics at Imperial, is part of the team looking into this
phenomenon. “Wouldn't it be great if we could surround a
historic castle or a nuclear power station with a metama-
terial, so that when the seismic waves come at it they are
sent around or diverted into the ground. The building would
remain perfectly still, not damaged. This is what we want to
do,” he said.

Earlier this year, Dr Andrea Colombi, also from Imperial,
with Professor Craster and collaborators in France, demon-
strated that a dense forest behaves as a natural seismic
metamaterial. By generating vibrations from a crane and
measuring the effects with seismometers, they found that
the resonating trees offer local protection against surface
waves of certain frequencies.

In a natural forest, the researchers noted that the irregular
height of trees and of the gaps between them offered pro-
tection against a larger range of frequencies than a uniform
array would. If the trees are arranged by decreasing height,
they would cover an even wider range of seismic frequen-
cies.

Scientists call this a *‘metawedge’, which could eventually be
created with real trees or poles acting as artificial resona-
tors. Metawedges can only deal effectively with waves com-
ing from two directions, but the researchers are hopeful
they can find solutions to this.
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Artist view of a 'metawedge’ of trees affecting the
movement of earthquake waves

METAMATERIAL BARRIERS

There are also other potential applications for metawedges,
for example using them to mask other kinds of vibrational
waves that can impact buildings.

“Another thing we care about is, for example, the vibration
coming from railway lines,” said Professor Craster. “We
could put a metamaterial barrier between the train and the
houses, so that the waves went down into the Earth or
somewhere where we can dampen them.”

Seismic metamaterials have attracted the greatest enthu-
siasm among those looking for solutions to earthquake
damage. Researchers in Italy are conducting similar expe-
riments, with the resonators buried in the ground instead of
thrusting out of it.

Professor Craster and his colleagues are also looking at how
a system using boreholes could be made more effective.
The team are patenting a version of this system that they
claim will work even at seismic wavelengths.

“In some parts of the world there are very small scale but
quite regular earthquakes,” he said. “Over the years this
causes cracking in the houses. If you know where the
waves typically come from you can condition the soil near
those houses by putting down an array of boreholes, and
they would simply reflect off into a field somewhere. Insur-
ance companies would pay for this, the people in the houses
might pay for this. I think engineering companies will be
looking into this sort of thing.”

(Bruno Martin / Imperial College Alumni e-Bulletin Decem-
ber 2016, 21 November 2016,
http://www3.imperial.ac.uk/newsandeventspggrp/imperialc
ollege/newssummary/news 21-11-2016-11-50-

17?utm source=alumni-

bulle-

tin&utm medium=email&utm campaign=alumniebulletin)
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ENAIAG®EPONTA -
NMEPIBAAAON

AUon yia To kAipa
NMeipapa geTaTtponng Tou CO, o€ NETpa Jeixvel va né-

TUXE

H €€étaon Twv delypdTtwyv ano To unédagog enifepaiwoe OTI
To CO, eixe peratpanei o€ avBpakika daiarta (Mnyn:
American Chemical Society)

Av n avBpwnoTnTa BEAel va ouykpaTtAosl TV KAIPATIKA aA-
Aayr o uno@epTa €nineda, ol TEXVOAOYIEG HOVIUNG anobn-
Keuong Tou d10&s1diou Tou avBpaka Ba npensl oXedov aiyou-
pa va eival pépog TnNG Auonc. Twpa, epeuvnTEg oTig HIMA a-
vagépouv 0TI To CO, nou dloxeTeleTal o BAcAATIKG NETPW-
pjaTta oTo un€dagoc HWETAUOPPWVETAlI OXETIKA Yyprnyopa o€
neTpa.

EpyaoTnpiakeg MEAETEC €xouv dci&sl OTI 0 BaocdATng, £va
nNETPpWHA nou dnuIoupyeiTal anod Tn orepeonoinon Tng Adpag,
deopelel To d10Eeidlo Tou AavBpaka kal oTadlakd To JETATPE-
nel og OTEPea avBpakikd alarta, Ta onoia dev pnopouv va
dpaneTeloouV ano To unedagog.

Kaveic 6pwg dev pnopouaoe va eival BERalog OTI Ta eupnuara
OTO €pYACTRPIO avakAoUV auTod Mou cupBaivel o€ npaypari-
KEG OUVONKEG.

Ma va To dianioTwoouv, gpeuvnTéG Tou Pacific Northwest
National Laboratory, og ouvepyacia Je TNV APEPIKAVIKN KOI-
vonpa&ia Big Sky Carbon Sequestering Partnership, &ekivn-
gav éva peydho neipapa 1o 2009, oto onoio 1.000 TdvoI
uypoU J10&eidiou Tou avBpaka JIOXETEUTNKAV UMO Mieon o€
MIa Ye®Tpnon oTn Aekavn Tou noTapou KoAouunia.

AUo Xpovia apyoTepa, deiypata cUAAEXONkav and To unéda-
®OoG Kal oTaAenkav yia avaiuon. Mpdayuari, To CO, €ixe pe-
TaTpanei og £€va avlpakikd opukTO nMou ovopaleTal aykepiTng
Kal €xel TN XNMIKR @oppouia Ca(Fe,Mg,Mn)(COs),.

AedopEvou OTI BACAATIKOI OYXNHATIOMOI €ival EUPEWG KATAVE-
MNUéEva oTtn Bopelo Apepikn Kal Tov unoAoino mAavATh, n
TEXVOAoyia oTepeonoinong Tou CO, Ba pnopolce va epap-
MOoOTel 0g peydaAn kKAipaka, MPoTEiVOUV Ol EPEUVNTEG NAPOU-
ogialovtag Ta eupnpata ortnv  eniBewpnon Environmental
Science & Technology Letters®,

E€iocou evBappuvTikd anoteAéopaTta, eEaANou, €ixe dWoel Kal
€va napopolo neipapa ortnv IoAavdia, Tou onoiou Ta anoTe-
Aéopata dnuooielTnkav PETog oTo Science®,

(BayyeAng Mpatikakng / Newsroom AOA, 21 Nos. 2016,
http://news.in.gr/science-
technology/article/?aid=1500116055)
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M Field Validation of Supercritical CO, Reactivity
with Basalts

B. Peter McGrail", Herbert T. Schaef, Frank A. Spane, John
B. CIliff, Odeta Qafoku, Jake A. Horner, Christopher J.
Thompson, Antoinette T. Owen, and Charlotte E. Sullivan

Abstract

Continued global use of fossil fuels places a premium on
developing technology solutions to minimize increases in
atmospheric CO, levels. CO, storage in reactive basalts
might be one of these solutions by permanently converting
injected gaseous CO, into solid carbonates. Herein, we re-
port results from a field demonstration in which ~1000 me-
tric tons of CO, was injected into a natural basalt formation
in eastern Washington state. Following post-injection moni-
toring for 2 years, cores were obtained from within the in-
jection zone and subjected to detailed physical and chemical
analysis. Nodules found in vesicles throughout the cores
were identified as the carbonate mineral, ankerite
Ca[Fe,Mg,Mn](COs),. Carbon isotope analysis showed the
nodules are chemically distinct compared with natural car-
bonates present in the basalt and in clear correlation with
the isotopic signature of the injected CO,. These findings
provide field validation of rapid mineralization rates ob-
served from years of laboratory testing with basalts.
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Environ. Sci. Technol. Lett., 2017, 4 (1), pp 6-10, DOI:
10.1021/acs.estlett.6b00387, November 18, 2016

*E-mail: pete.mcgrail@pnnl.gov.

http://pubs.acs.org/doi/abs/10.1021/acs.estlett.6b00387

H IoAavdia divel To napadeiypa
MeTaTponn Tou CO, o€ aoBe0TOAIO0 UNGOXETAI VA CW-
o€l 0TO KAipa

EnioTrHovVEG Kal gnyavikoi nou gpydagovral o€ yeyalo orabuod
napaywyng evépyeiag otnv IoAavdia Bpnkav évav £€unvo
Tpono va agaipolv To dIo&eidlo Tou dvBpaka anodé Tnv ar-
pyoogaipa, YETATPENOVTAG TO O€... METPA. Me auTd TOV NPpw-
TOTUNO TPOMO CUMBAAAOUV OTN MEIWON TwV avBpwnoyevwmv
agpiwv Tou Bepuoknniou Kal oTn CUYKPATNGN TNG KAIMATIKAG
aAAayng.
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OI xnMIKEG avTIdpaaoelg HeTETpewav To CO2 Og OTEPEEC av-
BPaAKIKEG EVWOEIG, 01 0Moieg dlakpivovTal ed® WG UNOAEUKEG
anoBéoeig (Mnyn: Lamont-Doherty Earth Observatory)

EpeuvnTéc anod diagopeg xwpeg (Bperavia, HMA, TaAAia,
Iohavdia), pe enIKEPAAARG Tov avanAnpwTr KadnynTtn yew-
MNXavikng Mouepyk Martep Tou BpetavikoU [MavenioTnuiou
Tou ZaouBaunTov andsiEav OTI gival duvaTtdv va dIoXETEU-
oouv -paldi pe vepd- TIC eknopnég dioEeidiou péoa oTn yn,
onou ortepeonoloUvVTal KAl UETATPENOVTAI O AoBeoTOAIBO
MEoa o PEPIKOUG MAVEG £wg dUO Xpovia, NMoAU nio ypryopa
ano TIG WG TWPA EKTIUNCOEIG OTI KATI TETOl0 Ba xpeialoTav
€KaTovTAadeg N Kal XIANIGdeg Xpovia.

H Texvikn auth diaAusl Toug @OBouc OTI To Bloeidio nou
dloxeTeleTal oTo unNedagpog Ba pnopoloe kdamnoia OTIYHR va
dpanerevoel  (n.X. AOyw O£IOMWV) KAl va enavéABsl oTtnv
atyoogaipa n, akoun XepdTepa, va npokaiéoesl undyeia
€kpNEN. ANO Tn OTIYMA Mou yiveTal néETpwua, OAa auta dev
1oxUouV.

To 10Aavdikd epyooTdaio XeAIOEIVTI gival n HEyaAUTEPN OTOV
KOOMUO YEWOePUIKN povada nAskTponapaywynsg, TPogpodo-
TOVTAG PE EVEPYEId TNV NpwTelouca PeikiaBik. O oTabuog
xpnoigonolei eato vepd anod To UNEdAQPOC yid va napayel
NAEKTPIOUO, aAAd n diadikacia gépvel oTnv em@aveia npa-
I0TEIaKA agpia, NETAEL Twv onoiwv d1o&eidio Tou avBpaka. H
véa TeEXVIKN HE TNV ovopacia CarbFix enioTpepel To di0&gidio
0TO UNEdaPOG Kal To KASIOWVEI €Kel yia Ta KaAd.

«Ano Toug 220 Tdvoug d10EsIdiou Mou JIOXETEUCAUE OTO UNE-
0a®og, To 95% £wg 98% £yive OpUKTO O€ NePiodO HIKPOTEPN
Twv dUo €T®V, dnAadn evTunwalakd ypnyopa. MpokeiTal yia
pia povipn kar nepiBaAlovTika QIAIKR PHEBodo anoBrikeuong
TWV eknopnwv Tou dio€sidiou, n onoia diacggailel 6T dev Ba
unap€el Eava diappor Toug oTnv enipaveia» dNAwoe o Ma-
TEP.

To eniteuypa dnuoaielieTal oTnv enBewpnon «Science».
HaioTeiakn enagn

To agpio diaAUeTal o vepo kal dloxeteleTal oe éva PBabu
nnyadl KaTw ano To €pyocTdcio. EpxOUevo O enagn e Ta
BaoaATika ngaioTeiakd nerpwpata oe Babog 400 £wg 800
METPWV, WEOa anod MIa OEIpA QPUOIKWV YEWXNHIKWV avTidpd-
OsWV, HETATPENETAl O UMNOAEUKO avBpakikd OpukTd, £va
€idog aoBeaToAIBoU.

«MnopoUpe NA€ov va OlIoXeTEUOUNE PEYAAEG NoooTNTECG dlo-
Ee10iou kal va To anoBnkeUoUpE PE NOAU acg@aAr Tpono oTo
unedagog Kal PAAioTa o€ NoAU oUVTOHO XpOVo. ZTO HEAAOV
B8a pnopolicape va XpNnoIPOnoINCOUNE auTh Tnv pEBodo ot
Hovadeg nAekTponapaywyng Onou undpxel NoAUg BacdATng
ano KATw TOUG - Kal UNAapxouv NoAAd TEToia pépn» dNAwOE o

udpoAoyog MapTiov ZToUTe Tou MewnapaTnenTnpEiou AGuovT-
NTOXePTI Tou MavenioTnuiou KoAoupnia Tng Néag Yopkng.

«Mnopei kaveig va Bpel BacdATeg o€ kABE nNNeipo kalr aopa-
ADC 0 UNEPAKTIEG MEPIOXEG, €MEIDN OAOG O WKEAVIOG PAOIOG
gival BacaATikd NeTpwNATA. SUVEN®C and anoywn diaBEaipwy
BACAATIK®V NETPWHATWV YIa va JIOXETEUCOUHE TIC EKMOUNEC
Tou J10€1diou, dev undapxel kavéva npoBAnua» npochece o
MaTep. EkTOg and oxeddv ohoug Toug BuBoulg, nepinou To
10% TWV €NIPAVEIAKOV AETPWHATWV TNG MNC €ival BacaATi-
Ka.

To kK60oTOG

Ynapxel OpHwWG TO {ATNHA Tou OxI APEANTEOU KOOTOUG TNG
MEBODOOU Kal oI PHEYAAEG vepOU Mou anaitei, kabwg povo To
4% £wg 5% Tou dIaAUPATOG MOU OTEAVETAI OTO UNEDAYPOG,
gival d10&eidio Tou dvOpaka (xpeialovral nepinou 25 Tovol
vepoU yia kaBe Tovo JI0&e1diou).

MeTa Tnv apxIikn neipaparikn edaon nou dapxioe 1o 2012, 10O
I0AQVOIKO €PYOOTACIO NAEKTPOMAPAYWYNG XeEANIGEIVTI TNG
eTaipeiag Reykjiavik Energy €xel 1dn apyxiosr va e@appolel
oc eupUTEPN KAigaka Tnv HEBodo, oTEAvovTag €wg 5.000
TOVouG O10&eIdiou Tou AvBpaka eTnoiwg va anobnkelovTal
oTo BacaATikd unédagog, evw oxedialel va dinAacidosl TNV
noooTNTa QETOG TO Kalokaipl. «Odafei» eniong éva dAAo u-
nonpoiov TnG yewOBeppiag, To udpdBelo, KATI €UMNPOCIEKTO
yld TOUG MEPIOIKOUG, 01 omnoiol ENpene va pupifouv TNV kabo-
Aou guxdpioTn ooun TwV KAOUBIWYV aBywv.

Kal éva uotepoypago ano T ®Uon: oTo unedaPog unapyo-
UV MIKPOBIa nou TpwVe avBpakikd OPUKTA Kal aneAeuBepm-
VOUV HEBAvIo, £va akoun mnio 1oXUpo agpio Tou Bepuoknniou
o€ oxéon He To Olo&eidio Tou avBpaka.

(Newsroom AOA, pe nAnpogopieg and AME-MIE, 10 Iouv.
2016, http://news.in.gr/science-
technology/article/?aid=1500083357)
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ENAIADEPONTA -
AOIMNA

16 giant infrastructure projects that could
reshape the world

The world is full of inconceivably huge projects happening
right under our noses.

Take the Hong Kong-Zhuhai-Macau Bridge, which will
link three major Chinese cities in the country's quest to
bring 42 million people together. Or Norway's plan to
build the world's first fully-submerged floating tunnel to cut
travel times between fjords in half.

Those efforts and many others illustrate how investing bil-
lions of dollars in enormous projects can collectively make
the world a better place to live.

Here are some of the biggest projects the world has seen so
far.

Completed in September 2016, China's Pingtang tele-
scope is now the world's largest radio telescope. Its dish
measures 1,640 feet across and is capable of capturing sig-
nals more than 1,000 light-years from Earth.

After 17 years of construction, the Gotthard Base Tunnel
opened in Switzerland on June 1, 2016. At 35 miles long,
it's both the longest and deepest train tunnel in the world,
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offering unprecedented efficiency when traveling through
the Alps.

The newly expanded Panama Canal was unveiled to the
public in early June, 102 years after it first opened. It took
$5.4 billion and 40,000 workers to triple the capacity of the
waterway.

In 2026, an Iragi skyscraper known as "The Bride" will
feature a "veil" of solar panels and produce as much energy
as it consumes. It'll be 3,779 feet tall and contain parks,
offices, restaurants, and a rail system.

Completed in 2011, China's Jiaozhou Bay Bridge is the
world's longest cross-sea bridge, stretching nearly 26 miles
— almost the length of a marathon. It cut travel time in half
for people going between east China and the island of Hua-
ngdao.
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In 2015, the Itaipu Dam on the border of Brazil and Para-
guay generated 89.5 Twh of energy, the most of any dam in
the world. It supplies 75% of Paraguay's total energy and
nearly 20% of Brazil's.

The Hong Kong-Zhuhai-Macau Bridge project will link
three cities in China's Pearl River Delta — creating one
mega-city of 42 million people — when it's completed in
2017.

London's Crossrail project — a massive upgrade to the
existing Underground system — is the largest construction
project ever undertaken in Europe. It involves 10 new train
lines and connects 30 existing stations via brand-new tun-
nels. It will begin service in 2017, and be fully operational
by 2020.

The Hyderabad Metro Rail is a 46-mile-long light rail sys-
tem that will finally bring communication-based train control
to India. It's due to be completed in 2017.
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Dubai's Mall of the World will be a colossal domed struc-
ture nine times bigger than the Mall of America. When it
opens in 2029, it will be temperature-controlled, feature
thousands of hotel rooms, and have its own transit line.

§ —

Google's parent company, Alphabet Inc., is developing plans
to create "Smart Cities" — redeveloped areas with com-
plete Internet access, renewable energy, and the latest in
automated technology — throughout the US.

The Riyadh Metro, Saudi Arabia's new $23.5 billion rail
line will boast a station designed by Zaha Hadid. Its 109
miles of railway will revolutionize how residents of Riyadh
get around. It's set to begin operation by 2019.
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Songdo, South Korea is a so-called "smart city" located
on 1,500 acres of waterfront land. Completed in 2015,
Songdo's near-comprehensive Internet access gives its
67,000 residents a taste of future society.

The South-North Water Transfer Project is an ongoing
Chinese effort to move nearly 45 billion cubic feet of water
from the Yangtze River to the country's less fertile northern
regions. More than $79 billion has been spent on the migra-
tion so far.

In July of 2016, Norway announced plans to spend a re-
ported $25 billion on a fully submerged, floating tunnel
beneath the Sognefjord, a body of water more than
4,000 feet deep and 3,000 feet wide. It would be the first of
its kind in the world.

The 20-year Turkey Urban Renewal Project, a far-
reaching plan to demolish some 7 million buildings and re-
build earthquake-resistant structures in their place, began
in 2012 with an estimated cost of $400 billion.

(Chris Weller / Nov. 7, 2016,
http://www.businessinsider.com/giant-infrastructure-
projects-around-the-world-2016-11/#completed-in-
september-2016-chinas-pingtang-telescope-is-now-the-
worlds-largest-radio-telescope-its-dish-measures-1640-
feet-across-and-is-capable-of-capturing-signals-more-than-
1000-light-years-from-earth-1)

(C- 4R -0)

Apopol yia yepa oTopayia
1. Passo dello Stelvio, ITaAia

To népaopa Stelvio oTIG AvaToAIkEC AAMEIC dnuioupynenke
peTa&u 1820 kai 1825 €ni auoTpiakng auTokparopiag, yia va
ouvdEdel TNV TOTE AUCTPIAKN enapyia Tng AopBapdiag pe Tnv
unoAoinn AuoTpia. H diadpoun Aiyo €xel aAAGEel péxpl onue-
pa kal eEakoAouBsi va npokalei TpoPo oToug 0dnyoug nou
dev eival €EoikelwpPEVOl PE TIG 48 €eANIKOeIDEIG OTPOPEG, OF
UWOuETPO 2.757 W., TNV anoTopun KAion Tou 0d00TpWUATOG,
nou Oc OpPIOHEVA Onpeia oTevelsl anpdopeva noAu, kai Tnv
oAlgBnpoTnTa €€aiTiagc Tou XIovioU, MOU KAMOIEG (POPEG £Mi-
MEvel péxpl kal Tov IoUAlo. Av kal €xel oToixioel Tn Jwn o€
noAU KOO0, TO NEPACHA CUYKATAAEYETAl OTA WPAIOTEPA TNG
Eupwnng, evw n avapaocn Twv nodnAatwv otov MUpo Tng
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ITaAiag anoTeAei and TIG MO CUVAPNACTIKEG KAl GUYKIVNTIKEG
OTIYHEG TOU aywva.

Ma Toug Katoikoug Tou XwploUu Ladakh, otnv Ivdia, To né-
pacpa Zoji La eivar n povadikn diodog enikoivwviag Je Tov
unoAoino kéagpo. O1 odnyoi yia va diacxXioouVv ToV XwHaTod-
POHO —€VVOEITAl POVNAG KaATeULBuvOoNG-, nNpEnel Oxl POVO va
AVTIHETWNIOOUV Ta £VTOVa KAIPIKA (PalvVOPEVA MOU €kdNAW-
vovTdl o€ UWOMETPO 3.528 p., aAAd kal yia evveéa oAOkAnpa
XINIOUETPA va «(PAEPTAPOUV®» HUE TO TPOUAKTIKO KEVO. H Béa
TWV BOUVOKOPPWV, TWV KOIAGdWV Kal TNG opyliwdoug KaTd
TOMOUC BAAoTnoNnG unopei eUkoAa va napacUpel To BAEPpa
TOU avunowiaoTou €nIOKENTN, 0 dPOHOG OHWG OV evOEiKVU-
Tal yia xaleua.

3. James Dalton Highway, AAdaoka

i e gt — oy o
e . o LACRE it - S
NS e

B 7 3

ZTnv AAdoka ol dpdpol NApaPeEvouV NAaywuevol Toug Nepio-
OOTEPOUG WAVEC TOU XpOvou, duokoAeglovtag Tnv odnynon,
napd To XaAiki PE TO OMoI0O OTPWVOVTAl Yia HEYAAUTEPN
npooceuon Twv oxnuatwv. O auTokivnTodpouog James
Dalton oOx1 povo dev anoTteAei €€aipeon, aAAd ouvioTa Kal
KaTnyopia and Povog Tou, kKabwg ansuBUveTal o eMIOEEIOUG
0dNyoug Pe PeEYAAn eToigdTnTa. Aegv gival povo n oAigbnpo-
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TNTa OTIG andTOPEG OTPOPEG MOU MPEMEl VA AVTIMETWNIOOUV N
Ta xaAikia nou eEakovTifovTal oTa napadupa, oUTe akoua ol
AaKkKoUBeG pey€éBoug kpatnpa, eival ol 1oxupoi Avepol, To
noAikd wuxog Kai n idia n gpnuia. =& pia d1adpour 666 XAH.
MOvo Tpia xwplouddakia ouvavTa kaveig. OUTe npaTrpia Bev-
givng, oUTe eoTiaTdpla, ouTe Egvodoxeia. MNa 6ooug eniBupo-
Uv Alyn evdookonnaon, auto eival To andAuTo road trip.

4. El Camino a los Yungas, BoAiBia

Tov anokaloUv «dpoOpo Tou Bavatou» kal Bswpeital o nio
enikivduvog atov KOoWo — aTolxilel Tn {wn nepinou oe 300
avBpwnoug kabe xpovo. MpdkeiTal yia Tov XWHATOdpouo
MNouvyag, pnkoug 69 XAM., Mou ouvdéel TNV npwTtelouca Aa
Mag Tng BoAiBiag pe To xwpid Kopoiko otnv nepioxn Moluv-
Yyag, katngopifovrag anod Ta 4.650 p. ora 1.200 p. Exel nAa-
TOG 000 €va AUTOKIVATO Kal Kavevog €idoug NPooTATEUTIKO
KIYKAIdwpHa anod ykpepoUg nou ¢gtavouv Ta 600 p. Babog. Ta
npdyuarta yivovrtal nio enikivduva HE TIG TPOMNIKEG BPOXEC, Ol
onoieg PETATPENOUV ToV dpOHO 0 oAIoBnpd AaonoTono, TIG
NTWOEIG BPAXwV, TNV OMiXAN Kal, evvoeiTal, Y TNV gUPavion
delTepou oxnuUaTog and Tnv avTiBern kaTteuBuvon. MANWG
va J1aAEEel kaveig Tov KaivoUupyio dpouo;

5. Guoliang Tunnel Road, Kiva

Eva and Ta nmio dnuo@IAn ToUveh otov kdopo, To Guoliang
oTa opn Taihang Tng Kivag, éxel unkog povo 1,2 xAu., Uyog
5 M. Kal NAGTog 4 Y., kai poialel NeplooOTEPO Pe AayoU! nou
OKAPTNKE WE TO XEpI. Ma TNV akpiBeia, oKAPTNKE HE oPupi
Kal KaAéul To 1977 and TouG KATOIKOUG TOU AMOHOVWHEVOU
Xwplou Guoliang, ol onoiol PEXPI TOTE €pTavav OToV €EW
KOOMO HECW €vOC dUOPBATOU ovonaTioU Xapayuevou OTov
Bpaxo, Ye pia TepdoTia Xapadpa va xAaokel and KATw Touc.
To ToUveA avoixTnke otnv akpn Tou idlou Bpdaxou, pe 30
«napadupa» Kata PAKoG TnG d1adpoung yia va nerolv Ta
pndaga. To anoTEAeopa evTUNWOIAKO, AAAd enikiviuvo yia
Tov anpdoekTo 0dNnyo, €EaITiag TNG OTEVOTNTAG Kal TNG EAAE-
IYNG opaTdTNTAG OTIG OTPOPEG.
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6. Karakoram Highway, Nakiorav

e UWopeTpo 4.693 Y., 0 auTokivnTOdpopog 1.300 XAW.
Karakoram n 1o «oydoo 6alupa» TnG MNXAvikng, onwg Tov
€XOUV anokaAéoel €€aITiag TWV JUOKOAIWV OTNV KATAOKEUR
Tou, diaoyilel TNV opJwvuHn opocelpd Karakoram, evwvovTag
Tn AuTikn Kiva pe 1o MakioTdv, kal akoAouBei €va anod Ta
noAAG povondTia Tou apxdaiou «dpOUOU TOU HETA&IoU».
MpayuaTikn npokAnaon yia Toug odnyolc, UE TIC OTEVEG, anod-
TOMEG OTPOPEG TOU va avaykalouv Toug odnyoucg va 100ppo-
MAOOUV Ta AUTOKIVNTA 0TO XEIAOG TOU YKPEWOU, €ival 1diaiTe-
pa €nikivduvog TNV €Noxn TwWV HOUCOVWYV AOYW TWV GUXVWOV
KATOAIOBNOEWV Kal TOV XEIHOVA AOYW TWV XIOVONTMOEWV.
Mapapével, wOTO0O, EVTUNWOIAKOG KAl 10IaiTEpa ayannTog
0oTOoUG AATPEIC TWV AANIK®V TOMIWV Kal TG NEPINETEIAC.

(Mapia KwBaiou / H KAGHMEPINH, 08.11.2016,
http://www.kathimerini.gr/881993/gallery/ta3idia/me-
aformh/dromoi-gia-gera-stomaxia)

o3 O

Mia «’'Ongpa>» anod 1o HEAAov

Me Eugacn oToug avoiXToug dnUOCIOUG XWPOUG Yia OAOUG
TOUG EMICKENTEG —Kdal OXI HOVO O OOOUG €I0€PXOVTAl YId va
napakoAouBnoouv pia ekdNAWCN- Kal Jia apXITEKTOVIKI Mou
«pEel» YEoa OTO TOMiO, TO APXITEKTOVIKO ypageio MAD oxe-
diace To kTiplo TG Onepag oTnv KIVEYKR NOAN Xapuniv Pe
Aeieg emipdveleg, nou ouvexifovral anod To EWTeEPIKO OTO
€0WTEPIKO, KAl UAIKA NMOU avtavakAouv To ¢pwg Kal dnuioup-
yoUvV avTikaTtonTpiopoUc TNG BAAT®@AOUC ynG nou To nepIBAA-
A&l NAvw OTIG ENIPAVEIEG TOU.

«AVTIUETWNICOUPE TNV APXITEKTOVIKN WG Tonio kal BEAape va
anodWOOUPE TO AypIo Kal Wuxpd KAiga Twv MnOAEwv Tou
Boppd. OpapaTtioTnkape Ouwg Tnv Onepa oav €va noAITIoTI-
KO KEVTPO Mou Ba evraxBei oTnv TQUTOTNTA TNG NOANG Kal
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oTNV KaenuepivoTnTa TWV avBpwnwv Tng», avagepel o Ma
Yansong, founding principal Twv MAD.
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Ol eVTUNWOIAKEG KAUMUAEG TNG 0poPnG oploBeTolV OTO £0W-
TePIKO TIG dUO aibouceg ekdNAWOewv, To TepdoTio lobby,
KaBwg Kal TOUug KOIVOXPNOTOUG XWPOUG, TIG OKAAEG K.AM.,
EVW Ta «vepd» navw ata EUAa and Tnv nepioxn Tng Mavtlo-
upiag, nou €xouv enevdUOel PHEYAAO HEPOG TOU E0WTEPIKOU,
dnuioupyolV £€va QUOIKO avayAu@o MNOU GCUVOMIAEI WE TO
Tonio.

(Naywva Aawatn / H KAGHMEPINH, 14.11.2016,
http://www.kathimerini.gr/882999/article/ta3idia/ta3idiwtik

a-nea/mia-opera-apo-to-mellon)
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FEEQTEXNIKEz
ENIZTHMEZ

State of the Art and Practice in
the Assessment of
Earthquake-Induced Soil Lique-
faction and Its Consequences

National Academies of Sciences,
Engineering, and Medicine

Earthquake-induced soil liquefaction (liquefaction) is a lead-
ing cause of earthquake damage worldwide. Liquefaction is
often described in the literature as the phenomena of seis-
mic generation of excess porewater pressures and conse-
quent softening of granular soils. Many regions in the United
States have been witness to liquefaction and its conse-
quences, not just those in the west that people associate
with earthquake hazards.

Past damage and destruction caused by liquefaction under-
line the importance of accurate assessments of where lique-
faction is likely and of what the consequences of liquefac-
tion may be. Such assessments are needed to protect life
and safety and to mitigate economic, environmental, and
societal impacts of liquefaction in a cost-effective manner.
Assessment methods exist, but methods to assess the po-
tential for liquefaction triggering are more mature than are
those to predict liquefaction consequences, and the earth-
quake engineering community wrestles with the differences
among the various assessment methods for both liquefac-
tion triggering and consequences.

State of the Art and Practice in the Assessment of Earth-
quake-Induced Soil Liquefaction and Its Consequences eva-
luates these various methods, focusing on those developed
within the past 20 years, and recommends strategies to
minimize uncertainties in the short term and to develop
improved methods to assess liquefaction and its conse-
quences in the long term. This report represents a first at-
tempt within the geotechnical earthquake engineering
community to consider, in such a manner, the various me-
thods to assess liquefaction consequences.

https://www.nap.edu/catalog/23474/state-of-the-art-and-
practice-in-the-assessment-of-earthquake-induced-soil-
liguefaction-and-its-consequences

(National Academies of Sciences, Engineering, and Medi-
cine, 2016)
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ICE Specification for Piling and
Embedded Retaining Walls,
Third edition

The ICE Specification for Piling and
Embedded Retaining Walls (SPER-

3 4 Wall) is the UK’s pre-eminent tech-
nical specification for piling and embedded walling works,
either on land or near to shore.

The existence of an agreed way of executing piling works
helps to reduce disputes on site and enables consultants to
design more economically by having confidence in how the
site works will be carried out. This edition has been updated
to reflect the latest piling techniques and procurement me-
thods used in the geotechnical sector, as well as revisions to
the Eurocodes, British Standards and CIRIA guides.

This document has been designed for use with common
practices, but is not intended to inhibit innovation. Novel
solutions can be used with this specification provided that
additional clauses are included in the project specification
which will ensure that the final product is constructed in
accordance with the design requirements.

ICE Specification for Piling and Embedded Retaining Walls:

e includes new sections on micropiling and helical piling as
well as guidance on the use of polymer fluids for excava-
tion support

e ensures tolerances are better understood for the various
techniques

e provides further guidance on concrete specification and
testing

This edition retains the three-part approach of the second
edition. Part A is an introduction to the essential concepts
necessary to procure a piling or retaining wall contract. Part
B is the specification and is still the only part of this docu-
ment intended for incorporation in contracts. Part C pro-
vides guidance for use of the specification and essential
background information for specifiers and contractors alike.

This specification has been one of the most popular of ICE’s
standard specifications and has been fundamental in raising
piling standards in the UK, as well as where it has been ap-
plied around the world.

(Institution of Civil Engineers, 2016)

ENMYPOL B. RAYALSHE

FewAoyia ruv ZE10p@v

EEZARGRE ITH NEOTERTONIRN,
MOPFOTERTONIK, IAAAIOTEIEMORDILA
Al APXAIDILIEMONGTIA

FrewAoyia TV ZEICHOV

Eicaywyn otn NEOTEKTOVIKN,
Mop@oTekTOoVIKK, NaAaloceioHo-
Aoyia ka1 ApxaioocgiopoAoyia
(B’ €kdoon)

>nupog MauAidng

H delTepn €kdoon Tou BIBAiou «le-
wAoyia TV ZEIoPWV», NpaypaTevsTal B€uata ano 1o Xwpo
TWV YEWENIOTAMWY Yia TN onoudr Kal katavonon Twv «oly-
XPOVWV» Kal «NpooGATWV>» YEWAOYIKOV S0PV Kal dlepya-
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OlV, Nou €XOUV AMECN OXEON HME TO YEWAOYIKO (QaIVOUEVO
Tou oelopoU. KUpIo avTIKEIPEVO AUTAG TNG Npoondabeiag ano-
TeAoUV Ta evepyd priyparta, (opiopoc, XapakTnpiopog, xap-
TOoypdagnaon Kai n MEAETN Touc). H dienioTnUoVvikh Npoogyyion
TAG MEAETNC TwV NPOOPATWV KIVAGEWV Tou (PAoIoU ThG YNG,
yiveTal kupiwg and Tnv nAgupd Tng Mop@oTeXVIKAG, MoooTI-
kNG NeoTekTovikng Avaiuong, MNaAalocsiopoloyiag kal Zeio-
MOTEKTOVIKNG, ME TN GUUBOAN Kal AAAWV €MIOTNHOVIK®V KAG-
dwv, 6nwg TekTovikng Mewdaloiag, TnAeniokonnong, Apxaio-
ogeiopoAoyiag K.a. =TIG ogAideg Tou BIBAiou divovTal apkeTa
napadeiypgaTa VEOTEKTOVIKMV - OEIOHIK®OV dOP®V anod Tnv EA-
Aada kal GAAEC XWPEC PE EVTOVN EVEPYO TEKTOVIKA OEIOUIKO-
TNTa KaBwg kai ekTeTapévn PBiBAloypagia yia nepaTepw Me-
AETN. AneuBlveral Bacikd OTOUG MAPOMNTUXIAKOUG (OITNTEG
TnG M'ewAoyiag nou d1ddokovTal To PAdnua TnG NeoTeKTOVI-
KAG, aAAd Kal o€ PETANTUXIaKoUG POITNTEG 1 GAAOUG €MIOTA-
HOVEG, Mou acxoAouvTtal pe Bgpata TekTovikng ewAoyiag,
FewpoppoAoyiag, Seiopoloyiag Meweuaikng, TexVvikng Mew-
Aoyiag, FewBeppiag, TekTovikng Mewdaiciag, Edapounxavi-
KAG K.d.

O Znupog B. NauAidng sival KaBnyntng oto Tunua Mewloyiag
Tou ApioToTeleiou MavenioTnpiou ©@gcoalovikng He €1dikeuon
otn NeoTekTovikn Kal MaAaloogiopoloyia.

(University Studio Press, 2016)

Conceptual Structural Design:
Bridging the Gap between Archi-
tects and Engineers

Second edition

Olga Popovic Larsen

Conceptual Structural Design aims to ‘bridge the gap’ be-
tween engineers’ and architects’ understanding of structural
form and highlight the importance of close collaboration
between all members of the design team throughout a
project.

This book is presented in two parts. The first part is theoret-
ical and investigates source of inspiration for developing
structural form, learning from natural forms, applying our
own intuition, seeking inspiration from precedents, applying
understanding of structural principles, developing design
through physical models, and using new design tools, con-
struction methods and materials to develop new structural
forms. The second part of the book is presented through a
selection of case studies which include interviews with the
design teams.

Conceptual Structural Design, Second edition:

e Describes the immense development in design tools,
construction methods and materials and how these have
impacted upon the way designers think, perceive and
design structures,

e Reflects on the development in knowledge, skills and
opportunities which affect the design team and the im-
portance of embracing sustainability agendas.

e Includes a selection of case studies which outline archi-
tects’ experiences from real projects and how they col-
laborated with engineers from the early stages of de-
sign.
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The second edition of Conceptual Structural Design is es-
sential reading for architects and engineers, and for anyone
interested in conceptual structural design.

(ICE Publishing, 04.10.2016)

Investigation of the
Geotechnical Properties of
Municipal Solid Waste

Investigation of the
Geotechnical Properties of

ochitcal operties of Ap_plications_ and Benefi!:s of
Assbcstons s Sty f g Using Landfill Reclamation

(4 EXSERY B P Naveen, T G Sitharam, PV
I Sivapullaiah

Geotechnical characterization plays a major role in the re-
habilitation of waste dumps. Because the rising cost of land
has made it necessary to utilize the waste dumps and de-
velopment of methods for construction and assessment
based on the geotechnical properties of wastes. Geotech-
nical properties of waste play a vital role in the reclamation
of the landfill. For this, it is necessary to evaluate geotech-
nical properties by appropriate methods as most of the geo-
technical testing may not be directly applicable. Also, there
is a potential threat to groundwater and surface water bo-
dies from leachates generated from the waste for a pro-
longed period. This book describes a detailed field and la-
boratory study performed to evaluate the geotechnical
properties of the municipal solid wastes in the Mavallipura
landfill in Bangalore and characteristics of leachate generat-
ed by the same. Also, the shear modulus reduction and
damping ratio curves for Mavallipura landfill has been de-
veloped using laboratory measured values and validated
with semi-empirical methods.

(LAMBERT Academic Publishing, November 1, 2016)
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www.geoengineer.org

KukAogpopnoe 1o Teuxog #139 Tou Newsletter Tou Geo-
engineer.org (NoeguBpiou 2016) pe NOAAEG XPNOILEG NAN-
popopieg yia OAa Ta BEPaATa TNG YEWHNXAVIKAG. YnevOupile-
Tal 671 To Newsletter ekdideTal and Tov ouvadeA@o Kal PHEAOG
Tng EEEEMM AnunTpn Zékko (secretariat@geoengineer.org).

EvOeIKTIKA avagépovTal:

e Earthquake Measuring 6.9 Strikes Papua New Guinea

e Project Summary in the city of Memphis about Riverside
Drive Slope Stabilization

e Colima Volcano in Mexico Erupts Causing Evacuations

e Combining geological modelling and BIM for infrastruc-
ture

e Shallow 5.3 Magnitude Earthquake Strikes Greece

e Energy Plant Dam Collapses Due to Flooding in North
Carolina (video)

http://campaign.r20.constantcontact.com/render?m=11013
04736672&ca=81610ba2-1c71-472c-9d32-4b8e25ad0221

(C-fR-0)

International Journal of Geoengine

Journal of the International Socety for Sail Mechanics

The International Journal of Geoengineering Case Histories,
an official Journal of the International Society for Soil Me-
chanics and Geotechnical Engineering (ISSMGE), is pleased
to announce the publication of Issue #3 of Volume #4 of
the International Journal of Geoengineering Case Histories,
an official Journal of the International Society for Soil Me-
chanics and Geotechnical Engineering (ISSMGE). This is a
special issue with Case Histories on geotechnical engineer-
ing instruction, guest edited by Associate Professor Marina
Pantazidou of the National Technical University of Athens.

e Editorial, pp. 203-204 Author: Marina Pantazidou
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e Upward Integration of Geotechnical Curricular Content
Using a Project in Seattle, Washington, USA, Page: 205-
221 Author: Allen L. Jones

e Teaching Consolidation: Case Study of Preloading with
Vertical Drains, pp.222-233 Authors: Robb E. S. Moss,
Judd King and Gregg L. Fiegel

e The May 25th 2011 Railroad Embankment Failure in Ann
Arbor, Michigan, As a Means for Teaching Geotechnical
Engineering, pp. 234-245 Authors: Dimitrios Zekkos,
Adda Athanasopoulos-Zekkos, Athena Grizi and William
Greenwood

e Geotechnical Design of Embankment: Slope Stability
Analyses and Settlement Calculations, pp. 246-261 Au-
thors: Vasiliki Xenaki, George Doulis and George Atha-
nasopoulos

O3 D

ITACET

Foundation

Foundation for Education and Training
on Tunnelling and Underground Space Use
Newsletter #25 - November 2016

https://www.itacet.org/newsletter-25-november-
2016

KEJK)\O(P(‘JDI’](I'E To Teuxog 25 (NoeguBpiou 2016) e Ta napa-
KATW NePIEXOMEVA:
e President's Address
e Coming soon:

- Mechanized Tunnelling in Soft Soil

- Health & Safety & Logistic in Tunnel Construction

- Risk Management

- Mechanized Tunnelling: Challenging Case Histories
e Next events in preparation:

- Utility Tunnels - April 2017 - Chengdu (China)
e Events Report

- Mechanized Tunnelling in Soft Soil, September 13th,
Buenos Aires, Argentina

- Planning & Design in Conventional Tunneling, October
17th-18th, Thimphu, Bhutan

- Risk management and contractual practices, October
29th, Kathmandu, Nepal
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EKTEAEZTIKH ENITPONH EEEENM (2015 - 2018)

Mpoedpog : rewpylog NIKAZETAS, Ap. MoAITIkog Mnxavikdg, Kabnyntng E.M.M.
president@hssmge.gr, gazetas@ath.forthnet.gr

A’ AvTinpoedpog Mavayiotng BETTAS, MoAITIkOG Mnxavikog, OMIAOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

B’ AvTinposdpog MixaAng NMAXAKHZ, MoAITIKOG Mnxavikog
mpax46@otenet.gr

levikog Mpappatéacg: MixaAng MMNAPAANHZ, MoAITIkog Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

Tauiag : Mwpyog NTOYAHZ, MoAITIkoG Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETEZ A.E.
gdoulis@edafomichaniki.gr

'EQopog : Mwpyog MMNEAOKAS, Ap. MoAITikog Mnxavikodg, Enikoupog KaBnyntng TEI ABrvag
gbelokas@teiath.gr, gbelokas@gmail.com

MéEAn : Avdpeag ANATNQZTOMOYAOS, Ap. MoAITIKOG Mnxavikdg, OudTInog Kadnynthg EMM
aanagn@central.ntua.grn

BaAia ZENAKH, Ap. MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

Mapiva MANTAZIAQY, Ap. MoAITIKOG Mnxavikog, AvanAnpwTtpia KadnyATtpia E.M.M.
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